- MOEINLG A/L7A4R7Y AR ANVE SYSTEAS OISOV
R g~ r; ’
DO NDILY
s /LSO
of
( JOINT ARMY-NAVY AIRCRAFT INSTRUMENTATION RESEARCH

JANAIR REPORT 690103
ONR Contract
N00014-68-C-0289

NR 213-065

11}

1/ 4
— 4 o7 r—— y
= D%SJ 741/ /
NAHD . . /
4o = Supervised by et

Ot win.
Approved by (/ 1,1{ e

oo
g0
o g
80
aa
EIUD
o N
A=

AN\
%I L
=
\ £TTIr P.H. Stern
= CITTIO
gl o
Q, i o

o
¥ el V.. Vaden
0
A il Jointly Sponsored By:
0
B B o) ¢ Office of Naval Research
O § | io | * Naval Air Systems Command
t A *U.S. Army Electronics Command
= = 2 |
T 1 O
J 3 X o g
hisSEIN=: Bl
| A ra ; AY _\VH —
S|
00 U
ao| T
8100

COCKPIT GEOMETRY EVALUATION

PHASE | FINAL REPORT
VOLUME [11-COMPUTER PROGRAM

JANUARY 1969 - 0100610/7 077

D162-10127 -1

THIS DOCUMENT HAS BEEN APPROVED FOR PUBLIC
RELEASE AND SALE; ITS DISTRIBUTION IS UNLIMITED




VOLUME DOCUMENT TITLE
NUMBER
i D162-101251 PROGRAM DESCRIPTION
AND SUMMARY
il D162-10126-1 HUMAN DATA
Hi D162-101271 COMPUTER PROGRAM
v D162-10128-1 MATHEMATICAL MODEL
-V D162-10129-1 VALIDATION




2 N YN

COCKPIT GEOMETRY EVALUATION
PHASE |

FINAL REPORT

VOLUME 11i-COMPUTER PROGRAM

Prepared for
Joint Army-Navy Aircraft Instrumentation Research Program

Office of Naval Research,
Department of The Navy

under
Contract N00014-68-C-0289
NR 213-065
Coordinator, Computing Dept K. /(L%

R Katz

Programmer /Analyst, Comp Dept XW
M. Healy

Programmer, Geometry and Graphics .0, n

G. O Meeker
Group Supervisor, Comp Dept XJ' / //

R.R. Vaughn

Unit Chief, Computing Dept S
LS. Ryter

Project Director
W. E Sprlnger

L sy
ot 2y

X006I017017

THIS DOCUMENT HAS BEEN APPROVED FOR PUBLIC
RELEASE AND SALE; ITS DISTRIBUTION IS UNLIMITED

D162-10127-1
i




|
9000000000000 OCDBOGEOIOGEOGOS

FORBWORD

This report presents work which was performed under the Joint Army Navy
Aircraft Instrumentation Research (JANAIR) Program, a research and explora-
tory development program directed by the United States Navy, Office of
Naval Research. Special guidance is provided to the program for the
Army Electronics Cormand, the Naval Air Systems Command, and the Office
of Naval Research through an organization known as the JANAIR Working
Group. The Working Group is currently composed of representatives from
the following offices:
U. S. Navy, Office of Naval Research
Aeronautics, Code L61, Washington, D. C.
- Alrcraft Instrumentation and Control Program Area
U, S, Navy, Naval Air Systems Command
Washington, D, C.
- Avionics Division; Navigation Instrumentation and
Display Branch (NAVAIR 5337)
- Crew Systems Divisionj Cockpit/Cabin Requirements
and Standards Branch (NAVAIR 5313)
U. S, Army, Army Electronics Command
Avionics Iaboratory, Fort Monmouth, New Jersey
~ Instrumentation Technical Area (AMSEL-VI~I)
The Joint Army Navy Aircraft Instrumentation Research Program objective
is: To conduct applied research using analytical and experimental investi-
gations for identifying, defining and validating advanced concepts which
may be applied to future, improved Naval and Army aircraft instrumentation
systems. Thié includes sensing elements, data processors, displays, con-
trols and man/machine interfaces for fixed and rotary wing aircraft for

all flight regimes.
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NOTICE

Change of Address

Organizations receiving JANAIR Reports on the initial distribution
list should confirm correct address. This list is located at the end of
the report just prior to the DDC Form 1473. Any change in address or
distribution list should be conveyed to the Office of Naval Research,

Code L1, Washington, D, C. 20360, Attn: JANAIR Chairman.

Disposition
When this report is no longer needed, it may be transmitted to
other organizations. Do not return it to the originator or the monitor-

ing office.

Disclaimer

The findings in this report are not to be construed as an official
Department of Defense or Military Department position unless so designated

by other official documents.
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ABSTRACT

A computer program for the evaluation of cockpit configurations ueing a
Zjupin-joint articulated stick-man (BOEMAN~I) is presented. The pr~-ram
utilizes an updatable bank of anthropological and environmental data,

and sirmulates the motion of a real pilot performing tasks in a crewstation.
The program provides information concerning reach capability, locations
and orientations of jJoints, pilot-cockpit visual interferences, numerical
performance indicators on joint displacement and deflection, and mass
displacexants., The program provides also a statistical validation when

comparing real pilot and BOEMAN-I paths of motion.

KEYWORD LIST
Anthropometry Non~-Linear Optimization
Cockplt Motion
Design Performance
Environment Simulation
Geomatry System
Human Engineering Task
Interference Visual

Iine of Sight Workload
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1,0 INTRODUCTION

1,1 PROJECT DESCRIPTION

The Cockpit Geometry Evaluation (CGE) Methods Project is an experimental
study funded by the Joint Army Navy Aircraft Instrumentation Research
(JANATR) committee to devslop an objective method of evaluating thé physical
compatiblility of crewmen with specified workstations. The first phase

of this project includes the development of a Computer Program System,
called BOEMAN~I, This program serves as the basic tool to store requir~d
enthropclogical and geometric data, make computations, and conduct evalua~
icns of typicel crew movements during performance of tasks in a specific
crewstation configuration (geometry), BOEMAN-I is also the name given to

the 23-pin~Jjoint man~-model upon which the system is based,

This volume of the Phase I Final Report discusses the BOEMAN-I Computer

Program System.

1.2 COMPUTER PROGRAM REQUIREMENTS AND ASSUMPTIONS

The BOEMAN~-I Computer Program System is a sequential set of FORTRAN IV
programs for the CDC 6600 that provide the capability to (1) store large
and varied amounts of data, (2) retrieve selected subsets of data, (3) cal-
culate human body joint locations, (L) calculate selected numerical per-
formance indicators (based on (3)), and (5) validate BOEMAN's paths of
motion compared with those of real pilots. These capabilities are an out-
growth of the requirements placed on the program at the beginning of

Phase I as well as various assumptions made in order that an operational
evaluation tool would result.

D162-10127-1
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REQUIREMENTS
The BOEMAN-T Computer Program Systes is designed and developsd primarily

to mest seven requiremsnts for ths Cockpit Geometry Evalmation study.

Theee requirements may be categorlized as follows: development of a

cockpdit evaluation tool, and the testing of the Fhase I computer progranm.

(1) To extablish a common referemce system to evaluate the physical

(2)

competibility of an operator/crewstation layout. In the program,

two reference systams are used. The first is a Buclidean coor-
dinate syctem whose origin 1s at ths cockpit eye reference point.
Dets on cockplt geomet:iy plane vertices and control locations
ars expressed In this reference system initially. The second is
& Buclidsan coordlrate system whose origin is at the lumbar
Joint, and such that when BOEMAN-I is initially seated in the
cockpit,; his eye midpoint is at the cockplit eye reference point.
The program transforms all dats from the first system to the
sacond at the beginning of an evaluation run. These coordi ate
gystems are necessary becauss the lumbar Joint location is
depandent upon BOEMAN-I's 1link dimensions.

1o produce repsatable crewstation evaluation results regardless

of tho investigator. Repeatable resvlts depend on: universal

avallability of and well-defined procedures for generating the
anthropological, geometric and flight mission data; consistent
apnlication of the model in regard to step size during a task
sequence, error bounds, weighting coefficients, and preferred
angles (all of these relating to the objective function of

D162-10127-1
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(3)

(L)

and the entire optimization procedure); relative insensitivity
of the model to differing initial conditions brought about by
utilizing different computers.

To_permit crewstation evaluations to be accurately performed using

an acceptable amount of time and expense. TFor Phase I, hand

Joints with respect to the control locations are calculated with
tolerance limits of one inch, Currently, on the basis of CDC
6600 computer time required to mrocess a flight mission of seven
tasks, joint position calculations (up to 15 positions per task)
require between 3 and L minutes per task. However, this can be
reduced significantly by decreasing the number of intermediate
positions required in tasks of relatively small distance.

To permit specific items that interfere with crew movement to be

identified and indicate areas where improvement is mest bene-

ficial. The program uses bounded cockpit planes and tests each
of them for the occurrence of visual interference with BOEMAN's
line of sight. If interference occurs, a correction procedure
is used to move BOEMAN-I as required to avold the blocking
plane. Physical interference of BOEMAN-I's links with the
seatback is also identified but currently no correction is

app]ied .

D162-10127-1
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(5) Tc permit the evaluator to consider dynamic motion with real time

(6)

effects, varistions in operator size, simple and complex action

and physical restraints., The BOEMAN-I system utilizes task data

that simulates the duration of a human motion and the generated
positions correspond to this tims interval., The task sequence
used in the sample input (Section 3.5) requires that the
operator begin with his hands on the control stick., He then
rasponds to a fallure of the hydraulic system by resetting

the master caution button, operating the utility power control,

and then he resumes the initial position.

The iwndividual 1link percentiles are user specified, providing
for gize variations of the operator, Physical restraints such
&8 lap belte or shoulder harnesses are provided for by restric=-

tions on the sngular limits of pertinent joints.

To produce results in a form applicable to either program

@anagement or design development decisions. The program

produces a printed history of the flight mission or task
saquence for evaluation. There are user-controlled options
available to vary the size and content of the output depending

on the purpose of the evaluation. The options include

D162-10127-1
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suppression of any or all input data, and expansion of the
processing and summation sections, The system automatically
provides for a minimum of printout when a task is performed
feasibly, Section 3.1 contains the user input options;
Section 3,5 contains a sample printout of all input data

and the processing and summation data for one task,

(7) To provide a method for validation of the mathematical model

of human motion. The BOEMAN-I program system contains a
statistical program used in the validation during Phase I.
It is discussed in Section 2.1.3 of this document; compari-
son of BOEMAN~-I and human paths of motion is discussion in

the Validation Document (Volume V, D6-53620-3),

ASSUMPTIONS
The computerized model utilizes five operational assumptions:
(1) Each of BOEMAN-I's hands (palm joints) moves in a straight line

during the task (provided there is no blocking object between

the initial and final positions),

(2) BOEMAN-I's upper torso is movable whereas his lumbar joint,

hips and legs are fixed in a seated position.

D162-10127-1
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(3) Joint angular constrsint limdts are not part of the optimization
procedure, although viclations are ldentified for an infeasible

task,

(L) Correction for visval interference is made assuming only one

interfering cockpit plane.

(5) BOEMAN-I's movement during z task neglects the effects of
acceleration, deceleration, and gravitational forces as

well as familiarity with any given crewstation.

The remainder of this document contains a discussion of the programs in
the BOEMAN-I system, a user's gulde and a set of appendices detailing

prograr subroutines, definitions, block common and control code names.

1.3 RESULTS

The computer program system developed for the Cockpit Geometry Evaluation
Methods Program has the capability of positioning a 23-joint, articulated
stick-man (BOEMAN-I), with varisble sized link dimensions. The baseline
model performs portions ot a flight mission (task sequence) in a given
cockplt configuration, For each mlssion task, numerical performance
indicators ars calculated and visual interference is detected and
eliminated. The capability of storing and retrieving anthropological,
geometric, and flight mission data is built into the program. In addi-
tion, a validation program compares BOEMAN-I's paths  of motion with
those of real pilots.

D162-10127-1
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Successful running of the BOEMAN~I Computer Program System has been

accomplished and validations performed against human movement criteria.

1.l  CONCLUSIONS

The BOEMAN-I Computer Program System demonétrates that applying a
computerized human motion model to a crewstation environment is feasible,
Its ability to generate relatively smooth, continuous and stable joint
paths of motion, test for visual and physical seatback interference, and
calculate numerical performance indicators provide a first step toward

evaluating the overall physical utility of a workstation design.

1.5 RECOMMENDATIONS

(1) The present program should be refined to minimize core storage.
This would reduce the problem of conversion to computers other than
the CDC 6600.

(2) The program should be made more efficient in terms of both program
logic and mathematical techniques used. These revisions would
reduce the machine time needed to calculate joint positions.

(3) A study should be made to determine the feasibility of performing
an interference analysis during joint position calculations rather
than after such calculations, This would provide corrections to
the paths of motion while being generated.

(4) Card input data (supplied by the user) should be reduced and made
more compact to prevent non-execution runs due to card input errors.

(5) The output format of the program should be revised to provide
complete flexibility, allowing the user to specify content and
format of the output.

D162-10127-1
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2.0 PROGRAM DESIGN

2,1 GENERAL

The set of three program groups - Storage and Retrieval, Cockpit Geometry
Evaluation (CGE), and Validation - is called the BOEMAN-I Computer Program
System., The Storage and Retrieval programs provide an input stream to the
CGE. The Cockplt Geometry Evaluation's functions include accepting and
transforming user input, synthesizing joint locations, identifying inter~
ference, providing output for the user, and generating an input stream

for the Validation. Validation compares man-made and computer-generated
paths of motion; therefore, it requires a separate stream for the experi-
mentally determined data. Each of the groups (except the storage program),
therefore, must be run sequentially since they are each dependent upon

previously generated data tapes., The activity flow is shown in Figure 1.

The Computer Program System provides a data bank of information relating

to the workstation, the crew, and the flight mission to be performed.

Data on the workstation consists of vertices of identified cockpit planes,
and a table referencing coded names and locations of controls in the
cockpit (See Appendix VIII), Crew data include a survey of size, mass, and
centroids of links stored as means, standard deviations, and a

table of normal deviates., In addition, angular limits of joints and a

standard angular orientation are stored.

Flight mission data consist of the successive controls to be reached, and
viewed, corresponding hand orientations, and time values for reaching and
holding controls., (See Section 3.5 for a listing of the data bank contents
used in Phase I,) Hence the flight mission is a sequence of tasks., A

D162-10127-1
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task is defined as a movement of BOEMAN=I's hand link from an initial

position to & final position and/or the viewing of a specified control.

The storage program allows the user to generate on magnetic tape his own
evaluation data or to add data to the existing data bank. The retrieval
program allows selection of data sets from the data bank. Both of these
programs are described in Sections 2,1.1, 3.1, and Appendix V. A more

general description of usage may be found in Reference 13.

BOEMAN=-I is required to perform a task sequence in a given cockpit con=~
figuration. Each hand must be on some control and a specific cockpit
location is being viewed when the task is completed., The task is sub-
divided into steps, where each step is defined as that position which
corresponds to an interval on a straight line path for each hand joint.
For each task, paths of motion are formed based on the successive calcu-

lation of the locations and orientatlons of BOEMAN-I's joints,

As BOEMAN-I begins a task, it is necessary to determine whether the
controls to be actuated are within reach, If they are not, the given
task is deemed infeasible and is redefined to reflect the closest distance

to the original task that may be feasibly reached.

Interference occurs if a control camnot be viewed or if any links inter-

sect with the seatback.

The calculation of joint locations and orientations, discussions of reach
feasibility (reach analysis), and resulting BOEMAN-workstation geometry
interactions (interference analysis) may be found in Volume IV, Mathe-

matical Model (D6-53620-2), Sections 3.2 through 3.h.

D162-10127-1
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The numerical performance indicators of the evaluation include:

(1) individual task az well as cumletive tagl displacement of joint and
mass centroid locations, (2) work done during esch task and the entire
task sequence, (3) joint angulsr deflectiona per task and task sequence
(using only twist), and (Ii) head and eye deflections per task and task
sequence (using full rotational capability). The calculations are de-

tailed in Section 2.2,5, Swmstlon Overlay.

Validation consists of a statistical procedure for comparing the paths of
motion generated by BOEMAN-I with corrasponding (experimentally determined)
paths of motionz of humans. By use of an F-test, the hypothesis that

BOEMAN=-I paths do not significantly differ from those of humans is examined.

2.1.1 Storage and Retrievel

The storage progran crsates a datz bank of information used by the BOEMAN-I
system. The bank includes data such as anthropometric and physical charac-
terietica of a human population and is stored on magnetic tape for later
use, The bank is partitioned into data sets, each of which contains a
catagory of anthropometric data such as joint angular excursion limits

(or & perticuler version of a category, such as link dimensions and mass
quantities), The data sets muet be an &cceptable format for the input
transformation overlay of the evaluation program*. In creating the bank,
data set idsntification labels are supplied by the user and are utilized

in the retrieval program, In addition, the user must specify the number

of data sets to be stored and provide delimiters between data sets,

#Data sets in some alternate form (or order) would require appropriate
modification of the input transformstion overlay.

D162-10127-1
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The retrieval program allows for selective retrieval of one or more of the
data sets using the appropriate identification labels. The retrieval
data is also stored on magmetic tape and serves as a basis for the parti-
cular evaluation "run", A restriction on the retrieval program is that
the order of the retrieved data sets must agree with the order required
by the input transformation overlay*. The usage of the storage and
retrieval programs may be found in Section 3.0. A 1list of subroutine
names is given in Appendix V. Both of these programs were derived from a

standard Boeing package for use in the BOEMAN~I Computer Program System.

2.1.2 Cockpit Geometry Evaluation
The Cockpit Geometry Evaluation Computer Program consists of six over-
lays, each having a specific function within the evaluation. These

overlays are:

(1) INTRAN (Input Transformation)
(2) REACHA (Reach Analysis)

(3) mam (Baseline Man-model)
(4) INTERF (Interference Analysis)
(5) suMM (Surmation)

(6) 0OUTGO (Output)

The CGE program provides joint locations and orientations of BOEMAN=~-I
as well as mumerical indicators summarizing information about the path
generated in performing a task in a cockpit configuration., To reduce
storage requirements and provide separation of function, the computer

program is designed in overlay form with the above programs as primary

#Data sets in some alternate form (or order) would require appropriate
modification of the input transformation overlay.

D162-10127-1
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overlays and with a driver program as tha main overlay. The main overlay
dirscts calls to the primeries, and commnicates data to them by means of

Block Common, A flow diagram for the main overlay is given in Figure 2,

Subroutine POOL is a system routine which allows a collection of files,
communicating with central memory solely via binary type read/write
statements, to share a single common buffer. This also yields a substan-

tial saving in core storage.

The varisbles set up in ths main overlay (Block Cormmon) are called globsl
variablss as they serve the same function (or one function at a time)
throughout each ovsrlay, The variables defined in each overlay are called

local variables,

The purpose or function of each subroutine in the CGE program along with
the input variables necessary for the subroutine and variables calculated
are given in Appendix VI. The subroutines are arranged by overlay and

according to when they are first encountered in the program. Appendix X
gives an index of subroutine names and page references for their descrip-

tion.

A 1list of variables belonging to Block Common statements may be found in
Appenidix IIT. These account for input/output variables when a subroutine

argument 1liet is not used.

2.1.3 Validation

The validation program tests the hypothesis that the paths of motion
generated by the BOEMAN-I system and the mean motions of a like-sized
individual performing the same tasks are not significantly different. The

D162-101271
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REDEFINE
BUFFER
SIZE

OVERLAY (CGE, 0,0)
PROGRAM CGE

«.
r_ NT UMBER OF TASKS ——l

=N
TYPE VARIABLES | crom - |0 > MAN 1 CALLED OUT OF SEQUENCE|
DEFINE BLOCK COMMON = {1 = MAN 1 CALLED IN SEQUENCE
DIMEILSION ARRAY | INE ‘o => TASK COMPLETED FEASIBLY
DECL AREBATA | 1 = TASK IS INFEASIBLE
_ [0 = conTINUE
|swiren = { 1 = RECALL MAN 1

——-‘ CALL POOL

CALL OVERLAY (CGE, 1, 0)
(PROGRAM INTRAN)

v

DO 100 JTASK =1, NT

CALL OVERLAY (CGE, 2, 0)
(PROGRAM REACHA)

3 CALL OVERLAY (CGE, 5, 0)
(PROGRAM SUMM)

CALL OVERLAY (CGE, 3, 0)
(PROGRAM MAN1)

NO /CALL OVERLAY (CGE, 4,@

(PROGRAM INTERF)

JyEs

'<CALL OVERLAY (CGE, 6, 0)
CONTINUE (PROGRAM OUTGO)

Figure 2. Main Overlay Flow Diagram
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statistical procedure used to test this hypothesis involves computing an

F-=value that indicates whether the hypothesis should be accepted or

rejected.

Thus, the input stream includes both BOEMAN's path and repeated motions
of a corresponding individual during a task., The program calculates the
individual's mean path and generates and inverts a covariance matrix

from both paths, The result allows for the calculation of the Fevalue.

Tf the generated covariance matrix is singular, then an inverse cannot be
found and no F-value can be calculated, Singularity is a function of the

data used and if it exists, cannot be circumvented.

The method of the validation program is described in the validation
document (Volume V). The usage of the program is contained in Section

3.0 and subroutine descriptions are presented in Appendix VIT.

2.2 COCKPIT GEQMETRY EVALUATION OVERLAYS

24241 Input Transformation Overlay

The purpose of Program INTRAN (OVERLAY, (CGE, 1, 0)) is to read data from
the retrieval tape and user-specified punched cards. As each data set is
read, it 1is transformed as required by MANL and other overlays. All

input data and other variables calculated by INTRAN are written onto an
intermediate file for use by the output overlay. The INTRAN overlay is
called only once, handles all input to CGE, and contributes to the initial

output using the intermediate file.

D162-10127-1
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The program reads tape handling parameters and control options set by the
user, for amount of output and an indication of whether a non-standard
link dimension and mass (user defined) survey is being used. With these
initialized, the link and mass data are read from the retrieval tape and
with both the card input percentiles for each link and a normal distribu-
tion table (on tape), the percentiles are transformed into link lengths
and masses., Task sequence information and joint angular limits are read.
The angles are converted to radians., Upon completion of this, SUBROUTINE
ANGLET is called upon to calculate the standard joint locations and ini-
tialize varisbles for the MAN1 overlay., Data describing the cockpit
control codes and location of planes (ﬁith respect to the cockpit eye
reference point) are then read. These and all of the data specifying
"position" are transformed into locations with respect to the lumbar
joint, which is dependent upon the calculated link size. Finally, the
control locations specified by the task sequence are selected from the
cockpit codes and stored. A list of subroutines local to this overlay
may be found in Appendix I. A flow diagram for the INTRAN program is
shown in Figure 3., A more detailed discussion of this overlay's sub~

routines may be found in Appendix VI and in user's guide (Section L4.0).

2+.2,2 Reach Analysis Overlay

For each task, the reach analysis overlay determines if the control loca~-
tions for each hand are within the specified sized BOEMAN's reach., If
not, the control locations are repositioned to put BOEMAN within the
reach envelope. This change is noted on the intermediate output file,
Evaluation then proceeds with the new task based on the redefined control

locations.,
D162-101271
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OVERLAY (CGE, 1, 0)
(PROGRAM INTRAN)

l

TYPE VARIABLES
DEFINE BLOCK COMMON
DIMENSION ARRAY VARIABLES
DECLARE DATA

WRITE
LINK DATA
FOR OUTPUT

y

l

INITIALIZE
SUMMATION
VARIABLES

;

READ TAPE
PARAMETERS,

USER CONTROL
OPTIONS & COMMENTS
NONSTANDARD
SURVEY

READ
LINK &
MASS
DATA

READ
LINK
PERCENTILES

'

READ

READ
TASK
INFORMA-

READ
COCKPIT
CONTROL
CODES AND
COCKPIT
PLANES

WRITE
COCKPIT
CONTROL
CODES &

ANGLE) POSITION
AND ANGULAR
LIMITS

COORDINATES

TION COCKPIT
PLANES
v y
WRITE CALCULATE
TASK LOCATION OF
SEQUENCE LUMBAR
DATA JOINT
y
CONVERT WRITE
HAND ORIENTATION
ANGLES TO JOINT
RADIANS LOCATIONS
y
READ STANDARD TRANSFORM
LOCATION
DATA TO

LUMBAR JOINT

¥

NORMAL
DISTRIBUTION
TABLE

i

CALCULATE
LINK LENGTH
LINK MASS

L.INK CENTROID

'

WRITE WRITE
STANDARD COCKPIT
POSITION & CONTROL
ANGULAR LIMITS CODES &
ON JOINTS PLANES (LUMBAR
JOINT ORIGIN)
CONVERT
ANGULAR DATA READ ,_E’ISE%R RETURN
\
TO RADIANS MANT VARIABLES |
[ CALCULATE
JOINT LOCATIONS,
< CALL ANGLET )____ JoINT Loc
: MAN1
VARIABLES

Figure 3. Program INTRAN—-Input Transformation Overlay
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The input required for this overlay includes link lengths, current top
of spine location, joint angular limits for the spine, and current task
information., Using this, a top of spine position is calculated for the
given task based on the discussion in the Mathematical Model Document
(Volume IV, Section 3.2) and utilizing an optimization routine called

MINUM.

MINUM determines the minimum value of a function of several parameters,
(See Appendix IX for a description of MINUM,) If the task is infeasible,
a new task is defined and the distance between old and new hand locations
is calculated. This information along with the top of spine position is
gaved for the output overlay on the intermediate file., A flow diagram

for program REACHA is given in Figure l.

2.2.,3 Baseline Man-Model Overlay

The baseline man-model overlay is concerned with the generation of BOEMAN's
joint locations and orientations at spectfied intervals during the per=-
formance of a task, For this, link lengths, task time, terminal joint
location and orientation, Joint angular limits and the initial task
position are required as input. These data, along with data read from
cards in the input transformation overlay are used in the optimization
routine LYNX, which determines joint angular values, LYNX uses an itera-
tive process to determine the joint angles corresponding to a minimized
objective function. This is done for each step of the task. If the
process does not converge (i.e., a minimum is not realized), then it is
assumed that some constraints are violated, and the amount of the violation

is measured, A discussion of the objective function and the optimization
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OVERLAY (CGE, 2, 0)
(PROGRAM REACHA)

TYPE VARIABLES

COMMON

DIMENSION
ARRAY VARIABLES

/

SET LOCAL

VARIABLES

USING GLOBAL

VARIABLES
CALCULATES
TOP OF SPINE
POSITION

CALL PREANL USING
MINUM
CALCULATE
DIFFERENCE
BETWEEN GIVEN
& NEW TASK
HAND POSITIONS

WRITE
TASK NUMBER,
& FEASIBLE
TOP OF SPINE
LOCATION

WRITE
TASK NUMBER,
REDEFINED

HAND LOCATION,
TASK DISTANCE,
TOP OF SPINE

LOCATION

RETURN
A

Figure 4. Reach Analysis Overlay—~Program REACHA
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technique may be found in Section 3,3, Mathematical Model Document
(D6=53620-2).

Program MAN]1 is designed to generate supplementary output concerning
variables of the optimization algorithm, if there is an infeasibility
condition present, These variables are printed out in a separate section
for later analysis, Output for the evaluation consists of joint angle
values and joint positions at each step of the task and, fa an infeasi-
bility condition, those joint angles exceeding their limits, and the
distance of each palm from its preset location. A flow diagram for

Program MAN1 is presented in Figure 5.

2.2.4 Interference Analysis Overlay

Once a set of joint locations has been generated at the end of a task,
the task is further scrutinized to determine if BOEMAN's position inter-
acts visually or physically with the cockpit., If visual interference
occurs, a correction procedure describing a new and uninterrupted line of
sight is utilized., The correction procedure is not iterative. The
testing of seatback interference occurs when the visual tests are com-
pleted, A discussion of the interference analysis may be found in Section

3.4 of the Mathematical Model Document (D6-53620-2),

Program INTERF (the interference analysis overlay) requires, as input, the
task data, the location of the eye aiming point, the vertices of each
plane comprising the cockpit geometry, the link lengths, and the calculated
joint locations during and at the end of the task., These data are stored
as local variables, The program first tests each plane for intersection
with the line of sight., If visual interference occurs, the offending
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OVERLAY (CGE, 3, 0)
(PROGRAM MANT)

r—— - -7 - 77 1
TYPE VARIABLES l 0 =) TASK FEASIBLE |
DEFINE BLOCK COMMON | INF = |
DIMENSIONS ARRAY
VARIABLES ;_ 1 =) TASK INFEASIBLE _jl
l Q RETURN )
SET INITIAL
POSITION &
JOINT ANGLES
INF=0
SET UP
FINAL ARRAYS
Y INITIALI- FOR ANGLES
(CALL TASK)__ ZATION & LOCATIONS
FOR yy

LYNX

I

DO 90K =1, N STEPS CONTINUE

¢ ( RETURN )
SET T
INTERMEDIATE B
POSITION INF =1 °
ARRAY T T

WRITE

PETERMINE VIOLATION WRITE
CALL LYNX --{ OPTIMAL OF JOINT JOINT
JOINT-ANGLE /[ L ~FPlte ANGLES &
VALUES LINK LENGTHS LOCATIONS
A
DID
CONVERGENCE NO
OCCUR
?
YES

Figure 5. Baseline Man-Model Overlay —Program MAN 1
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planes with each intersection point are written on the intermediate output
file. Similar tests are performed during each step of the task for
physical interference with the seatback. All links on BOEMAN~I which
intersect the seatback are also written on the output file but no correc=-
tion for this physical interference is made in the Phase I model, If

no interference occurs for the task, no output is generated by the Inter-
ference overlay. A general flow diagram for Program INTERF is given in

Figure 6,

2.2,5 Summation Overlay ‘
For successfully completed tasks, it is necessary to calculate numerical
performance indicators describing BOEMAN'!'s relative change in position
and orientation, Several quantities have been selected as representative
of his performance for comparative analysis within the task sequence and/or
with similar tasks in other cockpits, Each quantity is calculated for
each task and cumulatively for the specified task.sequence. The per-
formance indicators used are:

(1) Joint displacements for each joint

(2). Centroid displacements for each 1link

(3) Products of link mass and centroid displacement (work)
for each link

(4) Joint angular rotations (twist) for each joint
(5) Head deflection

(6) Eye deflection

The input required for these computations includes initial and final
Joint locations during a task, centroid percentiles and mass on each
link, task control locations, and initial joint angular and positional
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OVERLAY (CGE, 4,0)
(PROGRAM INTERF)

¥

TYPE VARIABLES
DEFINE BLOCK COMMON

DIMENSIONS
ARRAY VARIABLES

VISUAL INTERFERENCE

SET UP

D ¢ 1091 ISL=

LOCAL VARIABLES

FOR PHYSICAL
INTERFERENCE

D ¢ 110

L

INDICATORS

SWITCH = YES ‘w SET
19 —®1  SWITCH =0
NO
SET UP
LOCAL VARIABLES YES
FOR VISUAL _ _ RETURN
INTERFERENCE
D¢$100 | = 1, NPLANE
SET
‘ SWITCH =1
SOLVE FOR POINT
%F INTERSECTION
F LINE OF SIGHT WRITE
AND PLANE 4 NEW LINE OF
SIGHT (EYE)
END POINT
BOUNDED SET VISUAL _
PLANE YEs | INTERFERENCE
INTERSECTS INDICATOR FOR L
LINE OF SIGHT PLANE < SOLVE FOR NEW
? LINE OF SIGHT —
4o TO ELIMINATE P
VISUAL
WRITE INTERFERENCE
PLANE 4
1% & INTER- YES CONTINU
SECTION POINT
ANY
INTERFERENCE_NC \
CONTINUE RETI

ON?




PHYSICAL INTERFERENCE

91 iSL=1, 2

{

D ¢1100 J _y, ISTEP

Y

CONTINUE

RETURN

]

Figure 6. Interference Ana/ysis Overlay Program Interf.
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values, The joint arrays are reset for the next task with BOEMAN's
current orientation and position. A flow diagram for this overlay is

given in Figure 7.

2.2,6 Output Overlay
Program OUTGO, the output overlay, provides for a printed history of the
evaluation run, data for graphs and charts, and a magnetic tape for the
validation section. The printed history is divided into three parts:
(1) Input data
(2) Results of task sequence processing

(3) Summation data

Data for charts and graphs are stored on tape to be used generally with
another evaluation run for comparison purposes. These data include the
numerical performance indicators calculated in the previous overlay

(Program SUMM). The data required for validation include BOEMAN's joint

locations during each step of a task for which comparable laboratory data
exist,.

The printed history is generated using the intermediate output file along
with control variables (user specified) which determine the amount and
kind of history required for the evaluation, These control variables

are discussed in Section 3.0 (user's guide). A sample output for the
evaluation may be found in Section 3.5 and a flow diagram for Program
OUTGO is shown in Figure 8.
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OVERLAY (CGE, 5, 0)
(PROGRAM SUMM)

CALCULATE
TYPE VARIABLES E$QDAND
DEFINE BLOCK COMMON
DIMENSIONS ARRAY DEFLECTIONS
VARIABLES
v
CALCULATE WRITE
JOINT NUMERICAL
DISPLACEMENT PERFORMANCE
INDICATORS
y
— DETERMINE
. RESET INITIAL
<CALL CMLOC }——-— CENTROID JOINT ANGLE
— LOCATIONS AND POSITIONAL
ARRAYS
%
CALCULATE
CENTROID
DISPLACEMENTS RETURN
CALCULATE
JOINT ANGULAR
ROTATIONS
CALCULATE
WORK
(MASS CENTROID
DISPLACEMENT)

Figure 7. Summation Overlay —Program SUMM
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OVERLAY (CGE, 6, 0)
(PROGRAM OUTGO)

\ 4

DO 1800 MX =1, NT

TYPE VARIABLES

DEFINE BLOCK COMMON
DIMENSION ARRAY VARIABLES
DECLARE DATA

!

READ

INPUT DATA
FROM INTER-
MEDIATE
OUTPUT
FILE

WRITE
INPUT DATA
ON PRINTER
AND TAPE

READ
EVALUATION
DATA FROM
INTERMEDIATE
OUTPUT FILE

WRITE

EVALUATION
DATA ON PRINTER
AND TAPE

READ
SUMMATION
DATA FROM
INTERMEDIATE
OUTPUT FILE

WRITE
SUMMATION
DATA ON
PRINTER AND
TAPE

CONTINUE

y

RETURN

Figure 8. Qutput Overlay—Program OUTGO
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3.0 USER'S GUIDE

The usage of Programs CAPSIS (Creation section), RAPSIS (Retrieval section),
CGE (Evaluation section) and SV@#MM (Validation section) is described below
with respect to input from cards or tape needed for these programs to operate
properly. Following this is a description of the output from each program,
Finally errors and diagnostic messages and other machine dependent informa-

tion are set forth and sample input and output from the program is presented,

3.1 INPUT TO THE PROGRAM

INPUT: PROGRAM CAPSIS

The Creation section (Program CAPSIS) generates a data bank on magnetic
tape, The user specifies (on punched cards) the number of data sets to be
stored, and an identifying set name delimiting each data set to be stored in
the bank. These cards are read from the input file and are stored using the
routines from the referenced "DATA POOL" system. The only restriction on
the input data is that the content of the data sets must conform to the
formats used by Program CGE (INTRAN Overlay), After the tape is written,

it will contain all of the above input data and be ready for retrieval. Non~
implemented capabilities of this program include adding or deleting data
sets or combining two or more data sets to form a new data set. Currently,
no portions of data sets may be modified other than by replacement of the
entire set, A 1list of input cards required and their contents (for creating

the data bank) is given below:
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Cards for First Data Set

Card

No, Colums Format

1 1- 2

2 1-80

3 to 1-80

M+ 1-80

Cards 2 through M+l are repsated using the succeeding set

I2

8A10

8410

8410

_ Description

NDS = Number of data
gsets to store

IT(I) = Identifying
set name
(1=1,7)

Input (LINKSURVEY)
data on (M~2) data
cards

IT(I) = Terminator
of data set
(1 = 137)

Regtriction

NDS>0

Firast 12 charac~
ters must be
TABLEbNAMEb= 3
set name may
not exceed 10
non=blank (b)
characters.,

Must conform to
Overlay INTRAN
formats (M=2)

First 12 charac~
ters must be
TABLEbNAMEb= 3
Colums 13-80
must be blank

(b)o

names until NDS sets have been specified and delimited.

INPUT: PROGRAM RAPSIS

Sample

Value

07

TABLEbNAMEDb =

LINKSURVEY

(See sample
output tape
of CAPSIS)

TABLEbNAMEb =
besoeeb

The Retrieval section (Program RAPSIS) extracts data via user specified

set names,

Deta may be retrieved from a previously generated data bank

by first specifying the number of data sets to be retrieved and then cards

specifying an identifying set name for each set required.

The only

restriction on these sets is that they must be retrieved in the order

specified by the INTRAN Overlay (Program CGE).

written on a magnetic tape for use by Program CGE.
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Card Sample
No. Columns Format Description Restriction Value
1 1- 2 T2 NDS = Number of data NDS > O o7
sets to be re-
trieved
2 1-10 Al0 NUM(1) = 1st set NUM ¢ 10 characters LINKSURVEY
name
(NDS-1)1-10 A10  NUM(NDS) = NDS™® set NUM < 10 characters COCKPITMMS
name

Card 2 is repeated until all NDS set names have been
specified,

INPUT: PROGRAM CGE
The following input description is partitioned according to CGE card input
and tape input from the retrieval program., Both types of data are read by
the INTRAN overlay.

CGE Card Input

Data Card 1
Format (1615)

Column Name Description

1- 5 NT Number of tasks

6~10 NLF Input file number from which data link is

retrieved

11-15 NSF Input file number for standard position data
16=20 NAF Input file number for angular limitation data
21=25 NTF Input file number for task data

26-30 NCF Input file number for cockpit control codes
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Column Name Description

31-35 NPF Input file number for cockpit interference
planes

36-40 NOF Input file number for optimization parameters

h1-45 NNF Input file number for normal distribution

table (Input file numbers must agree with
6600 Control Card designations)

Data Cards 2«3

Format (16I5)

Colurm Name Description
- & KTl {O -~ Printout input data
1l — Do not print
6~10 KT2 {O ~ Do not print
1 —~ Print 1link dimensions
11-15 KT3 {O - Do not print
1 -

Print task data

16-20 KTL {0 — Do not print
1l - Print standard angular position

21=25 XTS5 {O -~ Do not print
1 — Print joint angle limits
26=30 KT6 {O — Do not print
R '1 = Print avckptc—gsiwfry—and—codﬁ—“ geome
31-35 KT7 {O — Standard link survey used
1l — Non=standard Survey Used
36-L0 KT8 {O - Do not print .
1 - Print standard position joint coordinates
=45 KT9 {O — Do not print ‘
1 — Print control codes (with respect to
lumbar joint) ‘
L6~50 KT10 0 - Extended hand position tested
{1 ~— (Clenched hand position tested
51=55 KT11 Not used as input ‘
56=-60 KT12 {0 — Do not print
1 — Print reach analysis output ’
D162-10127-1
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Column AName
61-65 KT13

66=70 KT1h

71=-75 KT15

76-80 KT16

1- 5 KT17

6-10 KT18

11-15 KT19
16-20 KT20
Data Cards L-6

Format (8A10)

Column Name
1-80 COMENT
Data Card 7

Format (8A10)
Colurm Name

1-10 OSERV

Data Cards 8-12

Format (8F10,0)

Column Yame
1-10 ECT
11-20

21=30

7180

Description

Not currently used

Not used as input

0 — Determine new position for predefined
{ line of sight

1 -~ Do not calculate new position

Not used as input
Not currently used
Not currently used Card 3

Not currently used

Not currently used

Description

Three cards that contain a description
of the computer run

Description

Name of alternate link survey (non-standard)

Description

Percentile value for each link of man-model
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Data Card 13

Format (3E10.2, 615)

Column

1-10

11-20
21-30

31-35

36=40
k-5
L16~50

51-55
56~60

Name

ERR

SCALE

ERC

ISKIP

IPOSE

NSTLEPS
0
IP

Data Cards 1L4=23

Format (10F83)

Column
1~ 8
9-16

Name

CONST

Description

Allowed error for Davidon minimization
(LYNX)

Penalty cosfficient scale factor

Allowed error in satisfying each
equality constraint

{0 - Optimize first position
1-o

First position optimization to be
bypassed

{0 - Suppress MAN1 output

1 - Allow optimization data output

{O - M&N1's position already known
1

- MANl‘s position to be calculated
from input angles

Step size parameter
Maximum number of joints

Denotes MAN1 error output option

Description

Array of constant Euler angles and weighting
coefficlients

Each of these preferred angles and welghts
is associated with the 27 variable angles
of the motion model objective function.
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CGE Tape Input
The following is a description of the format and order of data retrieved
from tape, and read by INTRAN,
Link Data
902 Format (X12/(X2A10,A8,12,5F10.2))
Card Image #1

Col 1-2 NL = number of links

Card Image #2

Card Image #NL + 1

Col 1-28 LV4C = 28 character link description

Col 29-30 IN = 1link number

Col 31=40 IMEAN= mean link length

Col L41-50 LSTD = 1link length standard deviation

Col 51-60 MMEAN= mean mass

Col 61-70 MSTD = mass standard deviation

Col 71-80 MPCT = percent of link length from proximal

end of link to centroid
Normal Distribution Table F = ,5 to F = 1,0
903 Format (X16FS.2)

16 values/card image to get L card images with 51 values
(the positive half of the table)
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Task Data
905 Format (I3,7X,7A10/3A10,2F7.3/6F10.1/(13,7X,7A10/3A10,2F7,.3/6F10.1))

Card Image #1

Col 1~ 3 TASKN@ Task number

Col UL=10 Blank

Col 11-80 TDES 70 character task description
Card Image #2

Col 1-10 RHTC Right hand terminal code

Col 11-20 IHTC Left hand terminal code

Col 21~30 ETC Eye terminal code

Col 3i=37 TDUR Task duration time

Col 38-Ll THOLD Holding time at end of task
Card Tmage #3

Col 1-10 ‘

Col 11-20 }  RHZRT Euler angle for right hand

orientation
Col 21-30

P

Col 31-L0 ]

Col 41~50 LHZRT Euler angle for left hand
orientation
Col 51=60

s

Standard Position Data
90l Format (I3/(3F10,1))
Card Image #1
Col 1~ 3 NL Number of links

Card Image #2 to Card Tmage # (NL + 1)

Col 1-10 THETA
Col 11~-20 PHI Euler angles to define standard
position
Col 21-30 PSI
D162-101271
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Angular Limitations
909 Format (I3/(6F10.1))
Card Image #1

Col 1- 3

NL Number of links

Card Image #2 to Card Image # (NL + 1)

Col 1-10
Col 11-20
Col 21-30
Col 31-40
Col L1-50
Col 51-60
Cockpit Control Codes
906 Format (I3/(A10,3F10.3)
Card Image #1
Col 1~ 3

Minimum THETA
N

Maximm THETA
Minimum PHI

¢ Euler angles
Maximum PHIY

Minimum PSI

Maximum PSI

NCC Number of cockpit control codes

Card Image #2 to Card Image # (NCC + 1)

Col 1-10

Col 21=30

Col 11-20
Col 31-40

Cockpit FPlanes

TCVOC 10 character description of
control point in cockpit

with respect to cockpit eye

TCLOC X Buclidean coordinate location
Y
Z reference point

907 Format (I2/4A10,I2/(9F8.3))

Card Image #1

Col 1~ 2
Card Image #2

Col 1-L4O

Col Ll1-2

NPL = Number of planes in cockpit

4O character description of plane
Number of vertices in plane

D162-10127-1
39




Card Tmage #3 (9F8.3)

Col 1= 9 Fuclidean coordinates of vertices
Col 10-18 Three vertices per card - 9 values total
Col 19~-27 Repeated for as many vertices

Repeat Cards #2 and #3 NPL times

INPUT: PROGRAM SVEAD{

The following is a description of the input data required by the validation

program:
Card Sample
No. Columms Format Degcription Restriction Value
1 1- 6 A6 Code = problem iden- Code = 6HPRZBIM  PROEIM
tifier
7-16 A10 PN = problem descrip- WES80DD
tion
17-21 I5 N = Number of joint N>O bbbb2
coordinates com-
pared
22=26 15 NR = Number of repe=- NR > O bbbll
titions
27-31 15 MX = Maximum order MX = 12 bbbl2
of matrix
32-36 15 INP # 1 suppress bbbb0
input data
2 1=-72 1246 FMT = Format of input (50%,8F10,2)
data
3 to 1-80 8F10.0 X(I,J) = input data (See sample
(34NR) output)
I = Number of joint
coordinates com=
pared
J = Number of repe~

titions
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L +NR 1- 4 A4 Code = data iden=- Code = LHHYPYS HYP#
tifier

11-80 7F10.0 SYM(I) I = 1,N
BOEMAN-I data

342 OUTPUT FROM THE PROGRAM

The output from each of the programs is described below., PROGRAMS CAPSIS
(Storage) and RAPSIS (Retrieval) provide output on tape only, PROGRAM CGE
(Cockpit Geometry Evaluation) provides output on both tape and the printer,

PROGRAM SVPMM (Statistical Validation) provides printed output only.

PROGRAM CAPSIS
CAPSIS gives an inventory of the names, locations, lengths and contents of
the tables (data sets) created on the file, The data set names used are in
the following initial order:

(1) COCKPITMMS (Cockpit Plane Vertex Locations)

(2) TASKSEQ (Task Sequence Information)

(3) LINKSURVEY  (Link Survey Data)

(L) CONTRZLCED (Control Codes and Locations)

(5) ANGLELIMIT (Upper and Iower Bounds on All Joint Angles)

(6) SBISITIEN (Standard position of all joint angles)

(7) N@RMALDIST (Normal distribution table)
The file name used to store these data sets is "BPIZL" or "TAPELQO",

PROGRAM RAPSIS

RAPSIS gives an inventory of the names, locations, lengths and contents of
the retrieved tables written on a file., The data set names and their order
is given by:
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(1) LINKSURVEY
(2) NORMALDIST
(3) TASKSEQ
() SPASITION
(5) ANGLELIMIT
(6) CONTRALCED

(7) COCKPITMMS

The file name used in retrievesl of these data sets is "WARK" or "TAPE11l",
In both the storage and retrieval programs, control card language is used to

copy thesz output tapes to the printer.

PROGRAM CGE
Output from CGEIOO is written upon four tape files and the printer.
The file names and thelr general contents are:

TAPE 12 = Intermediate output tepe (written on by all primary
overlays) ("BCD" records)

TAPE 13 = Backup tape (written on by MAN1 and OUTGO Overlays
("BCD" records)

TAPE 1; = MAN1 intermediate positional data during each task
for use of OUTGO overlay ("Binary" records)

TAPE 16 = MAN1 intermediute positional data during each task
for use by the INTERF overlay ("Binary" record)
TAPE 12 is used to collect all numerical output. It is read by gUTG# and
printed along with a descriptive and tabular information provided by the
OUTGO overlay., Parts of this tape are also to be used by the Validation

program as input,

TAPE 13 is the backup tape which yields the original output from MAN1 in

case of infeasibility conditions., The printed history of the evalunation
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may be produced at the option of the user,

TAPE 1l contains joint locations and orientations of BOEMAN-I at each step
of the task and is used by the OUTGO overlay to print out all positions

prior to an infeasibility condition,

TAPE 16 also contains the joint locations of BOEMAN-I at each step of the

task and is used by the INTERF overlay to test for seatback interference.

The printed output is in three parts: Input data, results of task process=
ing, and summation data., It begins with an overall description of the run.,
The input data portion consists of seven tables:

l. Link Dimensions

This table provides an ordering of the thirty-six links that

describe BOEMAN-I's physique. For each link name and number, the length
in inches, the mass percentile, the weight in pounds, the centroid per-
centage distance from the proximal end and the distance between the link

centroid and the proximal ends are printed,

2, Task Sequence
This table gives the components that make up each task in a flight
mission (task sequence). Specified for each task is the right hand, left
hand and eye aiming control codes, the duration of the task (in seconds),
the duration between tasks, and the right and left hand orientation angles

(Ewler angles).

3. Standard Position
The standard orientation of each joint in Euler angles is pre-
sented in this table. The joint numbers are the same as the link numbers

since each joint corresponds to the proximal end of that link.
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i, Joint Angular Limits
This table deacribss the lowsr and upper bounds on each Euler
angle of each joint. Joints with fixed Euler angles show the same value
for the upper and lower bounds. The sign conventions of the angles, Theta,
Phi, and Psi, are ghowm in Figure 9. A rule to be followed is that neither
6 or¢ may have negative signs at the sams jJoint., In addition, ifgis

zero, then that link does not deflect for any value of ¢,

S5e Cockpit Geometry
This table is in two parts. The first part describes the Cock=
pit Control Codes, Each control name (coded) and the Euclidean coordinates
of that control are listed with the eyz reference point as the origin of
the coordinate system, The codes are abbreviations for controls according
to their function. Appendix VIII lists the full control names with their

abbrevietions,

The second part provides a description of the cockpit planes by
name and with a list of each vertex location in consecutive order. The
vertex coordinates are also expressed with respect to the eye reference

po:Lnt.

6. Standard Position
For each joint, the Euclidean coordinates of the standard position
are given. These coordinates are with respect to the computer's seat
reference point (lumbar joint). In addition, the orientation angles of

each joint are given in the standard position,
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7. Cockpit Geometry
This teble is the sams az Teble 5 except that the coordinates use

the lumbar joint as the origin rather than the eye referance point.

Part IT (task processing) provides the output from the REACHA, MAN1 and
INTERF overlays., For each task performed feasibly (no interference), the
output consists of BOEMAN's joint locations and orientations at the begin=-

ning snd at the end of the task,

If the reach analysiz decmz the task infeasible, 1t is redefined, The new
control locatione for ezch hand are printed, with a corresponding "feasible!
top of spine position. The distance from the redefined controls to the

original controls are calculeted and printed.

If, during the MANL optimlgation, the task becomes infeasible, all positions
from the initial to the last feasible position are printed. Following

this 18 a list of Jolnt angles which have exceeded their angular limits,

Then the distences of the palms from the final control point positions, along

the straight line palm path, are printed,

If during the interfersncc analysis, visual interference occurs, each plane
and the intermection location with the line of sight is printed, The new
line of sight (two end points) found to correct the blockage is also printed.
If physical interference betwesn BOEMAN-I and the seatback plane occurs, the
plane and interfering links, the position number during the task, and the

intersection point between the link and the seatback are printed,

Part three is the summetion section. It provides data by task and cumu-
latively during the sequence on the Joint and centroid displacement for each
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joint and centroid, the mass-centroid products for each link (giving an
indication of work done) with totals for all links., Joint angular deflec-
tions (twist only) in degrees and head and eye deflections (total angle)
in degrees are also provided. All of the above assumes a feasible task
since this section is written only if the task currently being processed

is feasible,

PROGRAM SVZMM

SVPMM gives a statistical account of the comparison of BOEMAN-I and real
pilot paths. The output begins with the pilot and task identification codes.
The real pilot's input data, giving two out of the three coordinates (the
third is assumed fixed) of a joint position on its path, repeated n times,

The positions of the human may be printed at the option of the evaluator.
Following the jJoint locations of the human is the corresponding man=-model
synthesized locations (1 repetition), The calculated covariance matrix for
the pilot data and the inverse matrix are then recorded. Finally the computed
F-value, with the associated degrees~of-freedom are printed. This output

scheme is followed for each of the sequenced paths to be tested,

3.3 DIAGNOSTICS AND ERROR MESSAGES

Instead of error messages and diagnostlics being interspersed with the
printout, a BCD file containing all of the MAN1 calculations is dumped when
an infeasible task occurs. Errors occurring in other overlays are usually
fatal and the SCOPE 3,0 operating system would abnormally exit, When this
occurs, an octal dump of memory is given for that overlay as well as a
listing of any input tape (BCD) for error tracing. The only error message
occurs in Program SV@MM when a singular matrix.is inverted since the

F-gtatistic cannot be calculated, The storage and retrieval programs do
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not provide diagnostics except for the dumping of input and output files that

are used,

3.4  SYSTEM REQUIREMENTS

These programs wers written in CDC FORTRAN IV for the CDC 6600 using a
Boeing-modified SCOFE 3,1 operating system, No unusual machine components
are used other than disc and tape drives (1 input tape and L files on disc).
The SCOPE 3.1 operating system possesses a flexible control card language
which allows for memory, tape and file dumps which are used after an abnormal
exit, The comtrol cards for each program are described in the following

sections.

PROGRAM CAPSIS
1. SEQUENCE CARD (Priority Card)

2. JOB CARD (Containing the job name, time estimate,
field length estimate)

3. ACCOUNT CARD

L, TAPE REQUEST CARD FOR OUTPUT TAPE "BP@ZL"

5. COMPILE CARD RUN(S) (Compile and list)

6. SETCARE (Set all locations in memory to zero)

7. EXECUTE CARD LGO

8, EXIT (Exit from SCOPE 3.1 operating system)
9. DMP (0,FL) (Memory dump of program's field length
FL))
10. EgR (End of record)
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PROGRAM RAPSIS
Same as CAPSIS except:

L. TAPE REQUEST CARDS a) Input tape "BPZAL"
b) Output tape "WORK"

7.1 COPYCR (WORK,BUTPUT,7)(Work tape is printed out)
REWIND (WORK)
UNLODE (WORK)

DROPFIL (WORK)

PROGRAM CGE
Same as CAPSIS except:
. TAPE REQUEST CARD TAPE 11 (= W#RK) as INPUT
7.1 & 9.1 REWIND (TAPE i)

7.2 & 9.2 COPYSBF (TAPE i, OUTPUT) (TAPE i, i1=12,13,14,16 as a file
is printed out)

7¢3 & 9.3 REWIND (TAPE i)
7ol & 9.4 REQUEST (TAPES)
7.5 & 9,5 REWIND (TAPES)

7.6 & 9.6 COPYCF (TAPE i, TAPES) (TAPE i as a file is written on
magnetic tape)

7.7 & 9.7 REWIND (TAPES)

7.8 & 9.8 DECDUMP (,,,TAPES, 10) (The magnetic tape is printed
for comparison)

7.9 & 9.9 UNLZDE (TAPES)

DROPFIL (TAPES)

PROGRAM SV@#MM
Program SV@MM is the same as CAPSIS except no tapes are required (i.e.,
delete tape request card),
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Accurate time estimates are not presently available for the execution of all
programs, However, the storage and retrievel programs have executed (with-
out compilation) in 16.3 and 15.l seconds respectively. The Cockpit
Geometry Evaluation Program would require about 25 minutes for a 7-task
flight migsion with each task requiring bctween 3 and I minutes., Compila-
tion requires approximately 30 seconds and the other overlays require about
60 secondc for the entire run, The Validation Program has executed in less
than 2 seconds per F-gtatistic. The CDC uses a 60-bit word for storing
numbers, hence the calculations are extremely accurate. Positional coor-
dinntes and anguler values are given to four decimal places. Cockpit

geometry coordinates are accurate to one decimal place.

The most importsnt program restriction is that the retrieved data tape must
be written in a format acceptabls to the INTRAN overlay, Other pertinent
limitations in the present system include the use of no more than 20 tasks
per sequence, 27 variable angles, 36 cockpit planes and 36 joints and links

of BOEMAN-I,

3.5 SAMPLE INPUT AND OUTHUT
This section ie concerned with the sample input and output from the Cockpit
Geometry Evalustion Program.
SAMPLE INFUT
a) Card Input

1,56 1011 B16 DA 2526 3031 353 1041 L5
1 1 nf 1l 1 n 11} n

Card 1 l
]
i ;

i
| NT | NLF [NSF | NAF|NTF [NCF | NPF iNﬁF_J NNF

———
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00000000000 0C0OCOCBOCOOCGOOCO

Card 2

Card 3

Card L

5.6 DL 1516 20 21 26303 35361000 Lolp

SoHeod 6

6 80

1/ T 1 1] 1} 1f 2 1l 1 1

KT1 | K12} KT3] KTk [KTS[KT6] KT7 KT8] KTHKTIGKTIIK T2 KIL3'<DL|+('J:LSiKT16
1 /

KT17 | KTLHKT1Y K12

',/'This run is for the multimission simulator using the standard

link survey and

COMENT (I), I = 1,8
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Card 5

Card 6

1
/” Using a task sequence consisting of 7 tasks

COMENT (I), I = 9,16

C#MENT (I), I - 17,24

10

OBSERV
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000000000O0OCOCGOOOOOOOC

Cards
8,9,10,
11

Card 12

Card 13

10J1 20,21 30 31 40 g 7480
7 s 3 B s.Fu 5. 5] s.] .
RCT(I) I-=1,32
/ 5. 5, 5. 5.
PCT(33) PCT(3L] PCT(35) PCT(36)
10 11 20 21 30 31 35% lpli Isl6.%51 60
1/1.E-h 100. 01 1 0 W 1§ 27T L
-9 m | B
Sl=z1818]x
BR[| scate| me | B | 2 El2|E]n
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89 16T 2u25 23 lola 1BLY $H57 Qi 7273 80
1(500. 200.].0003} 500. | 100.}.0001¢ LO.].0001 10. 10.
Card 1L
;
) Weighting Coefficients on Obj. Function
|~ 10 10.].00a] 100. |.0001] ko.J.0001f 10.| 10, 10,
Card 15
/ 10.].0001 [ 25. [.0001 25. 100.].000
Card 16
CONST (I), I - 1,27
{ 0, 0. o.
Card 16 Preferred Euler Angles
(Contd)
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r. |
00000000000 060O0OGEOGIOGOGOGOS

Card 17

Card 18

Card 19

Cards
20-23

// 0. 0. 0. 90, 0. 0. Ls. 0. | -15. 0.
Preferred Euler Angles
0.] -90. 0. 0.1 LS. 0.1 15, 0. o

Preferred Euler Angles

/.

0. 0. 0,

Preferred Euler Angles
CONST(I) I - 28,5h

Blank

CONST(I) I - 61,100
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b) Tape Input (TAPE 11)
The following listing of TAPE 11 provides the user with the

arrangement of the data in each data set:
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THIS SET OF DATA CaNTAINS THZ MEAM AND STANDARD DEVIATION FOR BOTH LINK DIMENSTC
= AND FOR L, INK 4ASS AS WZLL AS A PERCEMTAGE FNR THE CENTROID LOCATION » FOR EAC

~., LINK ON THg BOEuAN FIGJRgs -

36 _
..UMBAF{ LINK - 3.70

1
OUMMY THORACIC 2 Ge0O
THORACIC LINK 3 14440
ECK LINKoVERTICAL 4 2420
NECK LINS,HORIZONTAL 5 150
HEAD LINK 6 600
YEMIDPOINT TO MEAD LINK 7 5450
NIT VECTOR FROM FYE 8 1.00
LEFT EYEBALL T0 HEAD 9 5,50
RIGHT EYEBALL TO HrAD 10 580
INTERCLAVICULAR LINKsLEFT 11 1.00
INTERCLAVICULAR LINK,RIGHT 12 1,00
CLAVICULAR LINKsLEFT 13 660
mLAVICULAH LINKIRIGHT 14 6,60
UMMY SHOULDER LINKeLEFT 15 000
pUMMY SHOULDER LINKRIGHT 16 0.00
HUMERAL LINK,LEFT 17 11499
UMERAL LINKsRIGHT la 11490
RADICAL LINK,LEFT 19 10470
RADICAL LINKyRIGHT 20 10,70
UMMY HAND LINKGLEFT 21 000
DUMMY SAND LINKeRIGHT 22 0400
HAND LINK (EXTENDEN) JLEFT 23 7,50
HooD LINK (EXATENDEN) $RIGHT 24 750
MAND LINK (CLENCHED) ,LEFT 25 - 2,80
SHAND LINK (CLENCHER) oRIGHT 26 2eg?d
PELVIC LINK,LATEQALLEFT 27 3.80
ELVIC LINKyLATERAWRIGHT 28 3,80
T FEMORAL LINK,LEFT 29 17,10
FEMORAL LINKsRIGHT 30 17410
TIBIAL LINKGLEFT 31 16.10
TIBIAL LINKGRIGHT 32 1610
FOOT LINK;LEFT 33 3,40
FOOT LINKIRIGHT 34 Je40
EEL=T0E LINKeLFFT 35 10,50
FMEEL~TCEL LINK,RIGHT 36 1050

0.25
0.00
0014
0,09
D00
0.28
0.00
0.00
0.00
0«00
0,00
0,00
025
0.25
000
0,00
041
0,41
Ne3
0.34

0,00

0,00
0,34
034
0,08
0.08

0.21
0,21
0,66
0«66
0.71
0.71
0.15
015
0.45

11.80
0.00
37400
0.00
3430
11'50
0.00
000
0,00
0«00
0.00
0,00
4499
4490
000
0400
5.20
5,20

2490

2490
000
0,00
1,30
1030
1,30
1030

9420
9420
16,40
16940
7,50
750

2,60

2460
0.00
0en0

150
0.00
4e71l
0.00
0e42
le46
000
0.00
0,00
000
000
0,00
0+63
000
0.00
Deb7
0.67
0.38
0-38
Ds00
0.00
617
0el7
017

Dsl7

117
1.17
2,09
207
0,96
096
0e33
D33
.00
000

50400

000
5000
50400
SODQJ
SO'OU

- 50603

o0V
50,00
5000
5000
50,00
500u
50,00
50.0@
50,00
46¢]10
66,410
42:50
42.50

8400

000
47,40
47040
39,29
33429

B0.04
SOQOU
42,70
42474
40440
40,610
58,10
58430
50,00
50600

THIS DATa SET COMTAINS THI 0RDINATE VALUUES 0F THE NORMAL DISTRIBUTION FRUM F=,5

TO F=1400 NggEnZn T DETER (INE LINK LENGTH AND
0,00 0,03 6,05 9,98 0,10 0,13 0,15 0,19 0,29
0¢4) 044 0447 §o50 GaB3 0,35 0,53 0eh1 0,64
0-92 095 24352 1% 1e08 1,13 1418 1423 1,20

"I’ J5 2433 5,00
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0,23 6,25 0,28 0,31 0,33 0,36
Neb67 0aT1 0474 G,T7T 0,81 0484

0,39

\) s '“?I o

l.34 1041 1048 1.56 | Y 1075 1egs



THIS SET OF DATA CONTAINS THE RIGHT HAND CONTROL CODE,THE LEFT HAND CONTROL COU
=g+ THE EYE FOCAL ROINT CippeTug TASK pURATION IN SECONGSSs THe TASK MOLDING TIMZ
$AND TRE RIGHT AND LEFT HaMD ORIENTATION ANGLES oFOR EACH TASK IN THE SEQUENCE.

001 STANDARD FOSITT M (ANGULAR) TGO STARTING POSITION (BOTH HANDS ON STICK)
FCCSC FCcesce FCCsCc 14000 14000 4 o
§0.0 85,0 18040 100.0 950 -180,0
oce START POSITION 70 LEFT HAND ON THROTTLES,RIGHT HAND ON STICK
FCCSC FCT FCT , 14000 10000 )
BQQO 8500 18000 90,0 11090 "90.0
003 BRING LEFT MAND FROM THROTTLES To STICK
FCCSC Feese FCese 14000 06001 )
QGrO 85.0 18060 100.0 9“300 “180.0
004 BRING RIGHT HANY YP TO MASTER CAUTION BUTTON TO RESET 17
ACAMC Fcesc ACAMC 0900 0el00
1000 90,0 1100 100,0 9% 0 «180,0
005 BRING RISHT HAND TO UTILITy POWER CONTROL ON HYDRAULIC PANEL
MSHP FCCsc MSHF 14500 0,500 _
160,0 85,0 170,0 100,90 95,0 ~180,0
10 BRING RIGHT HAND BACK TO STICK
FCLaC Fcese FCese " 14000 0+00)
8040 85,0 18060 100,0 6540 =180,0
007 BRING LEFT HAND BACK TO THROTTLES
FCCSC FeT FCT ) 1000 10¢000 .. .
100,90 85,0 1gC.0 90,0 0 110,0 -90,0
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THIS SET OF pATA cONTAINS BOEMANS STANDARD POSITION IN THE COCKPIT,

36

T

118
118

&)
Qe
20,
20,
0«
90,
90,
90,
0
90.
90,
900

90
0.
0,

30

30,

=90,

90,

90

90,

io,

10.

10.

10,

10.

10,

165
0165

90.

90,

90,

90,
Oe
0.

90.

20,

&,
90
90,
Ne
90
91,
94,
KLD
120,
LY
180.

-

L
9N

95,
97
G0

Ne

ne
90;
99
96,
9fh e
90
S,
9@0
Qfie
18n,

Do
Ch)
SN
=90
=31
96,
90«
90
904

y/

Oe
0
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THIS SET OF DATA CaNTAINS THE MININUM AND MAXIMUM ANGLES OF JOINT EXCURSION
WITH RESPECT TO AN EULERTAN CONRDINATE SYSTEM

36 MIN & MAX MIN P MAX MIN ¥ MAX
- 10, 1ae 90 90 0 O
?Oc 20 900 G0, 0, _ 0.
- 40, 4n, 0, 180, - 35, 35,
Ge Ne 0o O Oe De
9001 90« « gle¢ = 90 O 0
300 1500 Oa 180. - 730 730
90a 90 Gg0a 90 0 0
- 619 6l 0. 1RO, O 0o
0, 90 120, 120, 0, e
90 9fie 60 60c 0o 06
90! S0« 1&00 1800 0. O
909 ?09 Qs 00 Oo 00
- 10e 1fe Go 180 Oe Oe
- 100_ ‘Oe Gc 1800 0. Qe
= 304 “30e G0 @0 0e O
- @Oe =30 60, 90, O O«
Og ”1859 0e 180 =34h, 97
Og ladc 00 1800 - 97. 34‘9
Ge 1474 Q0 90 -113, TTe
O 142, g0 90 - 77a 113,
10, 1n, 90, 9a, 0. 0o
10e 10 Q0+« G0« Qe O
- 37 37 0. 180, 0. 0.
il 370 37, Oc 180- 0. 0,
d 37g 37 0 1804 (U 0o
- 370 37 0, 181, 0, 0
118,168 118,165 180, 180, 0, 0o
118:165 118,165 0. 0e 0, 0s
4B 132 V) 180 ~95,835 ~22+:R35
48, 132 0 180 22,815 95835
0g 113 =00, =90, -35, 43,
0{ 1170 “Q0e "900 -6, 35
hid 23@_ 23. 00 ‘1809 0- 0
- 23, 23, 0, 1840, 0 0,
90!‘ Qdo 90 ¢ 90- O Do
90! GNe 900 90, 0. Qe
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IS SET OF DATA CoNTAINS A COCKPIT CONTROL CODg DICTIONARY REFERENCING CONTROL
NAMES IN THE MULTI-MISSION SIMULATOR WITH THEIR EUCLIDEAM COORDINATE LOCATIONS
‘W‘ITH RESPECTio THE co\gxpu EYE %_EFERENCE POINT, el

09l ,
FCFuS -13,6 ,25 -31,2
FCEPS ~11445 =435 =31.2
FCRT =158 3.9 30,45
FCEPT "=1547 75 2946
FCCSC - 66 17,9 -23,2 . B}
FCSPS 116 6] =304
FCT «]1346 6068 , =302
FIRPML 11,4 26,0 «17,0
FIRPHR =940 2640 =170
FIPT .24 168 =23.2
FIAT 246 16,8 -23,2 -
FIWSFP ~13¢6 +25 =312
FIFTY ~10.6 27430 ~11.0
FIFI =106 26482 =13.30
FITSI =246 2546 19,2
FIAAT «6eS0 27-8 eB46
FIAAA “9e¢45 2648 =Re94
FIHUC 0, 18953% '60150
1 .rmuu 0, 2840 “6,15
| FIAI =6e91 260 “12044
FIAS “6ebb 2643 ~1643
MM -6.0 25!6 -18.90
FIVSD 0. . 26036 =15,2
FIVSDSS =350 2649 =124
FIVSOH 3,50 26,9 12,4
FIVSDI 3,50 2577 =18.250
FIVSDC =3,50 25,777 -18,250
FIC 6.1 27465 ‘=10e28
FIBA 6+48 . 26280 -13,1 .
FIRA 6455 26430 w158
FIMC 102 268 =894
FIRC 9.50 26480 =131
FIGM 9.00 26032 ) -15,4
FIRMI B,86 25.72 -184¢4
FIHSD1 0o 2340 ~25.N5
FIHSDZ 0. 2009 '31.9
FIHSDGC =349 2446 “20 .84
FIHSDCI 5.90 2445 =?20,84
AFCSCP 1375 137 “29.15
.AFCSSP 1046 19430 =30428
AFCSAP 14425 1930 -29,83

AFCADC 151 4451 =31.1
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MSESP
MSEPS
MSLCI
MSL.CE
MSLGC
MSFMP
MSECP
MSCPI
M5L.0AQ
MSHP
MSAHC
MERAT
MSTEL
MSML
MSAS
BCLSCP

DOMLWT
DOMEDSP
ACAMC
ATAEF L
LCATFH
ATALP
i LFW

CACAWY
ACALAW
WSALS
qGMP
WSASP
WSMAS
WEGS
WEWS
wSSPS
WSSPAT
WSE
ASLLLTV
CNIMPS
CNIMSS
CNITS
CNIICSP
CNIRBC
CNIDLR
CNIDLC
CNINMS
CNILOS
CNIDSS
CNINDP
CNIHTTO

IMDS

«12450

=157
"1309”)
Q’la.qé
-‘,800?
'14’050
183
18425
18425
€045
11,90
15,4
15,78
WIZ.S
=13.%
ehcg%
Gkt
10:66
14,56
3,533
"4@0
LR
14,13
n804

w318

3.80
=18,%
)Gl
-«19,5
«19,08
"19450
u15e56

-]8,0

“15@03
=19,080
1440
=18,375
-21,375
=208
-19,.5
19.48
17465
13.39
1R02
20«84
22+3
13.90
6,050
1275

5413

R
=12,41
Qa2
20a587
435
«Fel)
205
2313

S om0

26s153
2246
2@?6
8@“3
A+38
w496
2745
27el6
26,48
274204

279

27Te9
5.7
2656
2725
25¢0
1 Tl
wé oh
16475
22.10
19920
£2e48
=“12.7
w13n83
23781
2140
6c25
3,722
1195
15.7
16056
26,6
2440
14,04
522
Se?
9.8
25.70
~3:08

w305
7239
326
=32,1¢6
264,829
31,4

w30¢0

25463
«?20755
m28.03

}_13,573

2408
<2145
*30.,2
20,9
25,1
mlo.z
#]le4
14,8
~11108
nl&!la
=16414%
w1838
-Fed?
~11.,04
=1%.20
~30,2
’29#10
~25,75
2230
=25,05
«2360
~3141
«31615
=21 4745
=26 488
=286
-25,7
=250
=25,95
2544
=21e4/
«23.72
-'-27¢?
«25¢70
29.5%
2264
-1r.578
-32.3
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" THIS DATA SET CONTAINS EACH SET OF VERTICES CORRESFPONDING

IN THE MULTI=MTSSIAN SIHMULATOR €OCKPIT

36 = Y . X
(PPER FRONT PANEL

L7720 254349 =204230 174720 264817 =13,322 = 4250 28.368 = 64027
. ‘ 4,&‘30 28e¢348 = 64027 174720 26.817 =13,.322 17720 25,349 =204230
Lowgn FRONT PANEL (CENT&R) 04 _ . -
- 26250 24,540 ~21,011 = 2,250 25,349 «20,230 2,250 25,349 =-20,.,2390
‘ 20250 244540 =214011 o N -
LOWER FRONY PANFL (LEFT CENTER) 05
16,770 23,101 -22,401 ~16,770 25,349 220,230 = 2,250 25,349 -20,230
™~ 20250 244540 =21¢011 = 44500 234191 =22.40} :
LOWER FRONT PANEL (RIGHT CENTER) 05 . ) . . .
49500 230101 =22.401 24250 264540 =21,011 24250 25,349 =20.230
16,770 25,349 «20,230 16,770 23,101 «22,40]
LOWER FRONT PANEL (LEFT WING) 05 ) -
=174132 17,808 =27.859 ~214897 22,97) =22,537 =~18.050 254349 =20,230
=16,770 25,349 -20,230 ~16,770 17,808 -27,859
Long FRONT PANEL (RIGHT JING) 05 . . , ) . .
16,770 17,808 =27,859 16,770 25,349 =20,230 18,080 25,349 =-20,230
214897 22,971 «224537- 174132 17.80n8 -27,85%9 '
LOWER FRONT PANEL (LOWER LEFT CENTER) 04 )
. ~16,770 20,314 <25,0%3 ~16,770 23,101 -22,401 12,020 23,101 -22,401
=12:020 20314 =25.093
LOWER FRONT PANEL (LNWER »IGRT CENTER) 04 o _ .
. 12:020 204314 225,093 124020 234101 222,401 164770 23,101 .22.491
16770 204314 =25,093 ,
CIRCULAR SCoPg 06
0e000 194769 =324343 = 44630 21376 =304210 = 44639 244602 =25.930
‘ 06000 264209 =23,797 = 4,630 24,602 =25.930 4,630 21.376 -50.214
HEAD UP DISPLAY PANEL (FroMT) 04
= 2¢000 18,188 = Be229 = 24000 19,071 = 4,071 24000 19,071 = 4,071
‘ 2,000 18,188 - 8,229
HEAD UP DISPLAY PAMEL (LEFT SIDE) 04
w 24750 27,480 «10,204 « 2,750 28,368 = 6,027 = 2,000 19,071 = 4,071
= 2000 1R.188 = 8,229
MEAD UP DISPLAY PANEL (TQU SIDE) 04 _ . .
m 20000 196071 = 40071 24000 196071 = 44071 24750 284368 = 6,027
= 20750 28,368 = 6,027
HEAD UP DISPLAY PANEL (RIGHT SIDE) 04
24000 19,071 = 44071 2,750 28,368 = £,027 24750 27,480 =10.204
2,000 18,188 - &,229
HEAD UP DISPLAY PANEL (BOTTQM SIDE) 04 L
2,000 18,188 - 8,229 2,790 27,480 10,206 = 2,750 27,480 10,204
« 24000 1a.1aa - Be229 _
UPPER LEFT SIDE PAMEL 04
. =174125 =144201 *32.230 ~174125 174922 =28.001 -21+898 22.975 =22.522
214899 =14,R24 «37,4g8
LOWER LEFT SIDE PAVEL i 04 .
100605 144080 =43.392 =104426 164904 =29,320 =174074 174387 =38.008
17,052 ‘-14,238 2232,23] v
UPPER RIGHT SIDF PaMEL 04
17+125 17711 =>574983 214898 22783 =255.5p5 3] ¢8998 ~15e134 =274498
. IR TR TANAT T a4 1 22:505% 21 150134 =2
« AER RIGHT SIDE PaNEL 04
100431 160604 ~294311 17079 17.686 =274987 174058 =144537 =32.222
’ 10,410 =14,320 =33,3q4 0162101271

y 2
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TO EACH COCKPIT PLANF

X
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CONTROL STICK PLATFORM (TOP SIDEY

- 24750
w 24750

13,149 =»8,230
‘ 19+149 “?80230
_JNTROL STICK PLATFORY (LeFT SIDE)

2:750)

. 2,750 13,149 ~37,730 ~ 2,750

- 20750

] ‘20750 130149 '3’0730 20750 130149 '28.230 - 2150
‘- 24750 134149 =37.730
CONTROL STICK PLATFORM (RIGHT SIDE) 06 .
2750 194149 =37.730 2.750 19¢149 =28,230 2.750
2750 13,149 =37.730 _ _
CONTROL STICK PLATFORM (BiCK SIDE) 06 :
.- 29750 19,149 '37a730 - 20750 19,149 '28.23” 24750
2750 19,149 =37.730
SEAT PLANE (LEFT S{DE! 05 N
o BoB00 « GoTS1 «3TeT30 = 530 ~ 4,751 =32,370 B.500
- 8.500 8609 =314930 « 84520  Re609 =37,730
SEAT PLANE (FRONT SIDE) 04
o BeH00 Rep09 =aTea730 - 84500 8609 =31.930 BeSg0
80&00 80609 '370730
SEAT FLANE (RIGHT SIDE) , 05
8,500 8,609 =37,730 Re500 8,602 «31,930 Re500
8500 = GoT51 "32u370 69500 = 4,751 37,730
Seal PLANE (FRONT=TOP BEVEL) 04
v Be500 o609 =3102320 = Re500 B+009 =31.090 Re500
£.500 Beb09 =31,930
SEAT PLANE (TOP) 04
hdl gaSOO 8,009 “310090 - 80500 - 40751 ‘32&370 8'500
8500 8a009 "310090 .
SEATHBACK PLANE (LOWER FROIT) 04
w B:500 w 45751 324370 » 84500 ~106751 = 44370 Be500
B8e500 = 4,751 =12,370
SEATEACK PLANE (UPRER FROUT, 04
= Be500 "10sT5] = 4+379 = BeSgg =10+751  3:639 8500
85&00 ’10¢751 - 4,3?0 ) )
FLOOR 06
«21¢897 =15.00n0 =37730 21+897 =154000 =37.730 21R97
21897 30.000 =37.730
CEILING 06
«21.B97 =15.000 104000 214897 =15.000 10,000 214897
=21 eB97 =1%,000 10,000
BACK WALL 0%
"21'89, '15-000 ’3’0730 “2{0897 '15-000 10,000 21+897
21,821 =15,000 =37,730
RIGHT SIDE wALL 04
214897 =15000 =37a730 214897 =15.000 10,000 21397
21,R97 30,000 =37,730
FRONT waLL : 04
210897 300000 =37+732 214897 304000 104000 =21¢R97
214897 30,000 -37,730
LEFT SIDE WaALL 04
w21,897 30,000 =37,737 ~21.897 30,000 10,009 =214807
=21,897 =15,000 «37,73)

19149 =37.730
CONTROL STIcK PLATFORM (F

04
13,149 «23,230

04

13,149 «28,230 = 2,750

RONT SIDE) 04

D162-10127-1
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2,750

19,149 =2A,230

134149
13.149
19.149

8,009

8-609

B.009
- 4,751

-10.751

'100751

300000

3040060

‘15¢Q00

30700

30700

-15,000

19,149 -28,230

‘28.&30

‘28.230

28,230

=31,090

=31+930

WBIQOQO

'31.090

”320370

- 4.370

32630

'37-730

10,000

101000

100000

10000

10,000



0900000000 00O0C0OCOCOCOCOCGROOC

SAMPLE @UTPUT

The following listing gives the initial and final positions of BOEMAN-I during
Task 1. This task requires that he move from standard position to the
throttles. No interference is encountered and the task is deemed feasible

by the REACHA overlay,
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PART 1

INFUT pDATA

CONTINUFD

?2e TASK SEQUENCE

. DURATION
TaSk plaHl HpAND LEFT HAND - EYF AIMING TadK HBF TWEEN
NO, CnNTROL, CONTROL POINT NUKRATION  TASKS
‘ (SeC) (SEC)

Feese T FeesC  FeesSC 7 len0G6  l.000
kececse _Fery FCT . _lenon _ 10,000
Frcsc Fcese Fcesc l.0060 «001
_AcanCc  FeCsCG acaMC . L9006 - 4100
MeHP FcCsC MSHFP l.500 500
Feese fFeccs€C FeescC l.000 2001

"Feesce FcT FCT - 14000 104000

NP NP W~




" W“IGHT HANpD ORIENTATION 77 777 LEFT HAND ORIENTATION
- (EULER ANGLES) o (EULFR ANGLES)

80409  ASeNs 18B0e0)
_B0,09 ' R5,0y 1H0.0) _
B80e0y KSeny 1B0Oe0)

( 1000, 95409 =18040)
«
(
_:” lOO.O,IM_9ﬂ.0,> 11040)
¢
(

) 9000. 110400 =30,40) .
100G, 95¢0¢ =]18040)
B 10000. . 95,00 =15804,0)
1000, 9509 =18040)
..10000;>“ 95.00 '18000)_
9000y 110¢00 =9040)

100400 ROeNs 1700)
. 80,09 BS540y . 18040)
100600 85409 180+0)

'
a— . S . s S e,

. - et o e a+ am —
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PART I

INPUT DATA
CONTINUED

3, STANDARD _POSITION _

( 900

D162-10127-1
n

90.00

CWOINT " ORIENTATION ANGLES
NO. (EULER ANGLES)
1 ( Nels 90,0, 0.0)
R A _ 20.09 S0 .N, 0.0)
3 ( -2000' 90.0. Oqﬂ)
- 4 L 00y Daly . _0,0) .
5 ( 90el)y =90,0, 0.0)
- — X.) (...9004s 90,0, . 0,00 ...
7 ( S0+0y 9040, 0a.0)
A { 0«00 9N,0y 0.0)
.9 . o0 30600 120,00 0a0)
10 I 9naDy 60,00 0.0)
U © B L. 90«0y 180,00 .. 040) .
12 ( 900, 0e0y 0.0)
e .-_.13 (0.0’ .90.0’._.... 0.0)
1“ { 0009 90.00 000)
.18 L..=300e . 90e0y_.. 0eD) _ .
16 { =3n0e0e0 90,00 0.0)
e 1T (..=90s0s . 0,00 30,0)___
18 { 900, Oufly =30,0)
J1e et 90e04... 90400 0s0) .
20 {( 9004 9040, 0.0)
21 (. 1000 _ 90,00 0.0) .
22 ( 10e0y 90,0, 0,0)
— 23 {.=10e0, . 90-0....‘..., Oe) ..
26 { =10e0s 90,00 0.0)
2% (.=10e0s 90,00  040)
26 ( =100, 90.0’ 0.0)
o T 0118020180400 04,0Y
2R ( 11R.2, Oeh, 0.0)
[ _29 ,( 90'0’. 90.0' -‘-61.8),;.,_....._..%.‘.
30 { 90400 90,00 61,8)
Y {9004 =9040s... 0e0) __
32 { QO'OO "90.00 000)
e 33 (. 0%0s_ . 90e0y___. 0s0) . ____
34 ( 0e0e 90,00 0.0)
- 35 k9000 90404..—.060)..
36 0.0)




4o JOINT ANGULAR LIMITS . .

e JOINT 0 LTHETAL .

NO. MIN MAX MIN MA X MIN MAX
1 =1n.0 1ne0 90,0 900 0,0 0.0
PO _2‘ P 2”.0,_.____“420.0.,._..___,_ - 90.0 — 9000 e 0.0 - 0.0 .
3 -40.() 4’)00 000 18000 "3500 35-0
- e B n.n — 0.0 P 0.0 e 0’0 - IR 0.0 - -~0 00 -
5 90.() 8n,.0 =90,0 “90e0 0.0 V.0
e 6..,,,..0__,-__. 3”.“ ..... _150.0 i e 0.0_._ 180&0 - .."73.0 _.7300
7 90,0 9060 900 900 0e0 0.0
- - # .___ﬂ,...______..‘.-e 1 )] B Y o0 0,0 18040 e 0 o0 ... 0.0 .
9 9ne0) 900 12060 1200 0e0 Ve0
e 0 e 90 90 g0t 6040 6Nl o . (1)) J | + B
o1 e e 9040 e 906 e Qe Neld - .- 0e0 00 ..
13 "‘lﬂon 160 0.0 18Ne0) 0.0 0.0
1% e ™10 0 e 1060 .- —— . 040 18060 . ... 0,0 . 0.0
g =3n,0 =30,0 90,60 9neD Nel 0.0
SNSRI - SRR ) ¥ Y\ SRS S 1) S IONRURRRI - 1/ IO | DRSS - 'Y { . 060 v 040
t7 =18n,0 Nel 00 1800 =34,0 97.0
[URURS J - JSURRO Y | Y NN ¥ - ¥y [P § RO — 0.0 - 1B0e0...... . .m97,0 . 34,0 .
10 Nel 1420 900 900 =113.0 7740
R ¢ P 09,0-—»-».-—---14200 ~~~~~~~~~~~~~ ~90e0.. - F0el) .. nl740 113-0
?1 lﬂ.o lﬂ.O 90.0 9000 0.0 000
e PP e DO 1060 - meeen Q000 - . 900 e 060 - 0«0 .
3 =37.0 37,0 0,0 1R0e0 040 0.0
Ph o #3737 40 o o 040 ... 18040 0.0 . U.0
25 “37.0 370 00 1800 Q00 Vel
o B ™37 0. 370 - . 0,0 1RO .. ... 040 — _ 0.0 .
27 11,2 118.7 180,0 1800 0.0 0«0
.28 11“.2 ll1Re2. e Ue0 .. 000 o Qe oo 000
?9 ‘?RQO 13200 000 180'0 .QSQH -2308
- --30 4R, N 132,0 . 0,0 _._ 1800 _____ 22,B _ ..95.8.
N Nl 11340 «90,0 «“90e0 =35,0 43.0
e 32 0.0 __113,0 .. —*«90,0. “G0e0 ... m43,0 .. ..39.0
33 '23.0 23.0 0.0 1R0+0 000 0,0
34 . =23,0 2340 —— o 0e0..— . 1R0e0 0.0 - 040
35 90.0 9040 9040 90«0 0.0 0.0
— 36 ~9040 9040 9040 _.....8000 — 00 0.0
D162-10127-1
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PART I

INPUT DATA
CONTINUED

5+ CoCkPyT GEOMFTRY

COCKPTT DESIGN 1SED 1§ THEM ; '

. S F ULTI=MISSION SIMULATOR,
CONTRAL LncaTroN COORDINATES aRE WITH RESPECT ;0 THE
EYE REFEREACE POINT AND ARE IN INCHES.

A, COCKPIT CONTROL CODES

| (
0000000000 006GO6EOGEOGIOGOIGIOGOS

CONTROy, ., _ .
NAME LOCATION OF CONTROL
" FCFws ( =13,600, «250y =31e200)
. FCEPS. U =11,850, «4e3500 =31.200)
FCRT { =1%,800, 3¢900y =30e450)
e FCEPT 4 =15,700s 745009 =~29.600)
FCCSe ( wobB0y, 17300y =23e20N)
i FCSPS ot =)1146000 621007 =309400)
FCi ( «13,600, H.6ANy «30.200)
O FIRPML o m114400, 264000y =17e000)
FIRPMR ( =5,000s 2600009 =170000)
o FIPT ! w2409 168009 =234200)
F‘IAT ( -.240' 164800 «23.7200)
__FIWSFpP ( «13,600, . 2509 =31e20n)
FIFT ({ «10,6009 274300 =11le000)
oo FIFI - A ®10,600y 2668209 =134300) . .
FITST { «2.6009 254600 «19¢200)
e F1AAT - (. =6,500y 27,8000 __=B.600) .
FIAAA ( ©9,450s 2648000 =He940)
. FInUC 0,000, 18538y =6,150)
FIHUD ( 0,000, 2840009 =6e]150)
e FIAY (. w6,9109 2640000, «120440)_
FI1AS ( =h,460, 264300, =16e300)
e FIMAM (_wb,000y 25.6009 «=184900)
FIVSD ( 0,000y, 26¢360r =1%200)
e F1VSDSS (3,500, 2649009 =12¢400)
FIVSDM ( 3,500, 26¢9009 =12¢400)
e FIVSDI __ ( _.3.500y_  25¢7709.=18e25N0)
FIVSDC ( =3,5009 257709 «1Bs250)
e FIC (. 641009 27¢A50r =104280)
Frba ( 6,480y 2648000 «13,100)
. F1IRA (_ 6.5509 . _26¢300% =15e800) .
FIMC ( 10,200y 2648009 =Be940)
e FIRC. b 9,500y 26800y =13¢100) . .
F16M ( 9,000y 2663209 =15¢400)
e _FIRMY A R.B60y __25¢7209.~184400) .
FINSH ( 0,000 23.000 =28+08N)
o FINSD2. (- 0,000,_.20+900s.-31¢500)
FIHNSNGC ( =8,9009 240600% =20eR40)
e FIHsRCY b 85,9000 . 2446009.=20e840). . __
AFCScP ( 13,7509 13+700 =29¢150)
D162-10127-1
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AFCSsp

AFCSAp

_ AFCanc

. MSESP

MSEPG
_MSLCT

MSLCF

MSLGC

MSFMpP

MSECP

MSCPY
S MSLOQR
MSHP
 MSAHC
MSRAT

MSERT .

IAETI

MSAS] R

neMsee

. PCuRuAWT

DCMLWT

DCMEDSP .

ACAME

ACREFL

ACAEER
aCalLe _

ACAFW

ACAWW ..

aCA; AW

WSATg

WS Hp

WSASp

WSMAS
WSos
WSWS
. WSSPg

WSSPAT

wSE J

WSLLLTY

CCNIMPS

cN1IMSS
CNITs

CNITCSP

CNIRRG __ ..

CNIDLR

~CNIDLE

CN1INMS
eNILNS _
cNIDsS
.CNINpP
CNIHTTD

CCNIMDS . .

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
{
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
{
(
(
(
(
(
(
(
(
(

L
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1006000
1“0250.
150100’

=12.500y

15,700,

WleQQOO'

»~13,940,
=~1R.020,
«14,500,
18,300,
12,250,
1R.250,
2004509
11900,
15,400,

1507809A

-110500’
«]13,500,
208405
. 00440'
10.6609

1’6,‘3609 .

30533’

=4 000y

4,000,
146130
R, 400,
'30180’
3,R00,

~18.500¢

19,000,
19,500,
=19,080,
-190900.

'-1505609

’1900000
=1R,N30,

»-19-6909

14.0000

.”1&0375..

21,375,
'2008009
19,500
19,480,
]206500
_1303000
18,200,
20.840,
224300,
1309000
60050,
124750

74

190300‘
19-300'
4e5100

S¢1300
8,400
_f]20480'
«9.,2000
20587
403509
-900009
?00500’
2303000
=ReO0DY

) ?607539
224600
2446000
Bed3Ns
B3Ry
=40600"
27-450'
2,olﬁO¢
2644R(
27-2899
2145000
2149005
25+700°
2H6.6000
C2Te2500
25,0000
965400
w“eﬁOO'
16750
22100
196200
220480'
=1267000
=13.R20
230781’
210000
6250
3,220
1198500
15200
169560.
246000
24400019
14040
50220’
50200'
98000
257000
=9.080°

=29R39)

-30e500n)

=274900)

=32e600)

~326160)

~260R2%)

«3le600)
«30+000)
29630

«P22275%9)

=2HeN3N)

=13e873)

~244n80)

=21e5%00) _

=30e200)

-274900)

~29¢10n)
=10e200)
=11e400)

=]14R00)

~11e10R)
-16.140)
-160140)
=]1He38N)

=94420)
~11le040)
«19,201)
=30e200)
-29.100)

=25e750)

«-22¢300)
=25e050)
-234000)
=31e100)
=31e1%0)
'210745)
-Zboﬂgﬂ)

~28+600) ...

=?he¢7200)
~25.000)
~254050)
=25:0400)
“21e471)
“23e720)
=2Te200)
«2%.700)
=29e500)
=290640)
=18¢K57H)
«32¢300)



PART 1

INPUT DATA
CONTINUED

By COCKPIT PLANES

THE PLANE yERTICES ARE WIYH RESPECT TO THE EYE REFERENCE
PCGINT AND ApE IN (X,YsZ) COORDINATEg,

~_PLANE = VERTICES

UPPER FRONT PANEL

( 17720y 253499 =20e230)
e . _ . e 0 =1T747200 264,817y =134322)
( =4.25n0s 2Be368, ~6+027)
—— - - - - e 46,250y 28,388y =4027)

e
( 17-72ﬂ' 26081?’ =]13322)
{ 177200 254349, =20e230)

LOWER FRONT PANEL (CENTER) _
e ( =2.2509 244540y =214011)
{ =2¢25ny 25349, =20e230)

— L. 22500, 253499 =20ne230)
{

2¢25n00¢ 2405400 -2%:011)

__LOYER FRONT PANEL (LEFT CENTER) . = __._. . . i
( =16+770s 23.10ly =25,401)
e e —_ S ((=16e7T0s.. 254349y =20e230)
{ =22509 253499 =20e230)
.. =22500. 2464940, =21011)
{ =4¢5000 23¢lpnly =220401)

. LOYER_FRONT PANEL_ (RIGHT CENTER)

{  4.500s 23,10l =22,401)
e e e e e e e e et et e e e oo . 2'25“..w24!550. —210011)
{ 2.25“' 250349' -20.230)
e e e e e — R R (W«1607769wg253349’ '200230),
(

. 16.770' 230101' '2é04°1)
—.LOWER FRONT PANEL _(LEFT WING) o . R 3
{ 171329 17.808y =27¢859)

e - e e - w.w(.'21|897pn,22c971. '25.537)
( =184080y 2543494 ~20e230)
e mmemm e ox it oeren memmeine« s o wsoeosm s i 3 s e o n @t e oo e oot - ™16, 770 0. ..25, 369 s =Che 230 )

¢ '16.770' 17.808. ’2;0859)
~ LOWER FRONT PANEL (RIGHT WING) - - - |
. ] . . . R { 16e7T0e. .17+808 -2?0859)
( 167700 254349y =200230)
et e e S e e - 1Be¢08ps .254349 -200230)
{
(

21897, 22.971’ -2?0537)

e e e e e e e e A 1Tel320._.17:808¢ =27¢859)
LOWER FRONT PANEL (LOWER LEFT CENTER)

. e e =16eTT00_ 20314y =254093)

( =16770s 23101y '250401)

e e el ®1200209 .23 1010 =220401)
{ ®1200209 200314, =250093)

D162-10127-1
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_ LONER FRONT_ PANEL (LOWER RIGHT CENTER)

(120209 206314y =250093)
. S e ( 124020, 23e1nl, =224401)
e e et + e e e ! 1Ae770s 23.10l —2?-401)
) ( 1677 314, ~25¢093)
_ CIRCULAR seOPE o 0r 2000100
( 0e000s 197699 =32¢343)
- ) ( =he630s 214376y =30.210)
{ wheb30n, 240602. '250930,
e e e L 04000e . 260209 =23797)
{ -40630’ 24.602’ -25.930)
— S e . _ {66630 213769 =30e210)
HEAD UP NISPLAY PANEL (FRONT) °>0 )
R . e e e e e e e e S { ,-2e0009 . 18.138' -RQZZQ)
( =2.00ne 19+071ls =4e071)
e (. 240009 19.071y =407
. . ( 2+000 18.188¢y =Re229)
__MEAD uP DISPLAy PANEL (LEFT_SIOE) = _ L .
( ‘207500 27.4309 "10'20‘)
- - { _=2e750, 284368, =6e027)
( =240000 194071y =44071)
- e - { «2.000s. 1Bs1RBy =Re229)
HEAD UP DISPLAY PANEL (TopP SIDE) ' '
. RO { _=2000 1940719 =40071)
{ 2000 19.071, -4o071)
( 2750 2803680 =eo(27)
‘ ( =2.750 28,368 e 027)
_MEAD UP._DISPLAY.PANEL_(RIGHT SIDE) ... . " " '
: ' ( 240000 19.071ls =4e071)
. e (... 27150, 280368’ '6'027)
{ 2¢750, 27+4R0, -10020“)
— . S (.. 2.000¢ .18¢1RBy =gel29)
HEAD UP DISPLAY PANEL (BOTTOM SIOE) PRO0e AReTEEY R
e — et e . 24000y .- 1Be1RBy  =Re229)
( 2750, 27480, =10e204)
T N e e e _ R | =2¢7500 27 ¢4R0, »lne204)
( =2400 8.,1p8y =pe229)
_UPPER LEFT_SIDE PANEL . _ . - ) o'v 18 TR%
{ =17¢1259 =144201s =32:230)
e e e £ =1741284 . 17,9224 =2R4001)
( =21+89Ry 224975 -22obgz>
U =21689Gy =14e824y =270498)
LOWER LEFYT SIDE PaNEL ( =21e899y =1448240 =274498)
et e e e e e e+ o e i s e e+ e _ ( '10.40:‘,0 "14.0R0| “33'392)
( =10e4260 16.90%y =2904320)
e e e e e+ e o et e e e e = (. =1740740 17.887y =2r4008)
( =17+05py =14.238, =32231)
UPPER RIGHT SIDE PANEL
e e e - ( 1741250 177119 =27988)
( 214898y 2247899 =224505)
—— s L. 218989 *15e134y =27¢498)
’ ( 174125y =14.511, =37,230)
D162-10127-1
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. LOWER RIGHT SIDE PANEL

e v e it o ik Y- . b o8 Lt bt el e s

{ 100‘31' 16.604'
B e (174079, 17.+6n6,
B ( 1740589 =16¢537
—_ L (. 10e4109 "144380,
CONTROL STICK PLATFORM (TOP SIDE)
e ~ _(__=2e7500 __13:149s
{ 2¢7500 13,149,
) ( 2750y 19.149
e . =247500_ 194149y
CONTROL STICK PLATFORM (LEFT SIDE)
e e e e . (. =2e¢750y _13.149
{ =2+7%0 1301690
e L o {__=2e750, _ 19,149,
{( =2¢750¢ 19149
___CONTROL _ST1CKk PLATFORM (FRONT SIDE)_ . ,
( 2750 1301&9'
e (_. 2e7509 . 13.149,
( =27509 13149,
L o . o ( _=2:7509 130149,
CONTROL STICK PLATFORM (RIGHT SIDE)
e et 247500194149,
{ 2¢7500¢ 194149,
e e LU 247509 13,149,
( 247509 134149
_CGONTROL ST1Ck PLATFORM_(BACK SIDE) _ e —
( 2,750 1901490
S U =2eT500._ 196149,
. ( 207509 1901690
R ( 2¢7509 ...19+149,
SEAT PLANE (LEFT SIDE)
e : (. _=Be500y __wbelBly.
( =8:5009 m4e751y
- (. =Re500y __84009,y
( =8:500 Be60Y
S .. =Be500y_ _ _B8s609
SEAT PLANE (FRONT SIDE)
e e . — (. _=B+500+ . 84009,
( =Re500 84609y
[ (.. 8500y . 8,609,
{  B8e500y 8¢609
_SEAT PLANE (RIGHI_S1DE) e .
_ (  BRe500¢ Be609,
' (. Re500_._ 84609
{ 8.500, 8.0n9,
e _l. BeS500y . =éelsly
( 8¢5009 =belS5ly
_SEAT_PLANE (FRONT=TOP BEVEL) ——— R .
( =ReS5000 84609
PR {__=8e¢5000 ... 8009,
( 8¢500 8¢009,
S I {__ BeS00r.__ Beb609y
SEAT PLANE (TOPRP)
et et s e e (.. =8e5000 . 84009
( =8,500y =be751y
- - ( Re500s =4e7R1y
. (  8¢5000 B8¢009,
D162-10127-1
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=2ge311)
27987
«33.222)
ﬁ330334)

~2h0230)

"250230)

«28¢230)

_-2@.230)

=374730)

-2pe230)
=2ne230)
=37¢730)

-370730)
=2re230)
=280230)
«37.730)

«37.730)
-2re230)
-230230)
»37.730)

-3?0730)
=2Re230)
=2r+230)
=37.730)

'3?0730)
«324370)
=«314090)
«3)¢930)
«37.730).

~3io730)
«37¢930)

=374930)

»37¢730)
=374730)

=37+930)

-3?.090)
-3@-370)_
-370,30)

-3?.930)
=31+090)
=»31090)
»314930)

«31090)
«326370)

-3é0370)
w31¢090)



CEILING

AaCK WALL

FRONT WALL

LEFT s10E wALL_

D162-10127-1

78

e e

=218979

21897,
21837y

=21¢897,

=214897

214887,
2108970
©214897,

=214897¢
=21.897,
21897,

214897

21897,
21.897.
21.897,

,.2}.897'.

210897!
21-897'

I'21.897’

=21+897,

“21.8979
..210897._
=21 0897
“214897, =154000,.

~4e751y

'1007510_
"10-!510
~4el51y

«10e751y
=10e751y

"100751’
=10e751,

=15.000,

"15.000'

30.0000
30.0n0,

"15e0000

'1500000
30000

"1500000

‘=]164000,
=15,000,
=15.000,
*154000,

=15¢000
'-150000’

30.0n0,
304000,

_300000.
30.000,

.3000000.

30000,
30,000,

30’000';

=154000,

-3&.370)

“4e370)

“do3’°)

=35370)
'-zo370)_

3+630)
34630)
=4¢370)

=37+730)
«37.730)

=37.730)

-3?.730)

1p«000)
1n0.000)
100000)
10.000)

»37¢730)
160000)
10000)

=37.730)

~3?o730)
10¢000)
100000)
«37¢730)

'3?.730)
1ne000)

10000).

=372¢730)

 -3?0730)‘

104000)
10+000)
»37¢730)




PART 1

00000000000 00000000O

INPUT DATA
CONTINVED

THE SEAT REFERENCE poINT IS LOCATED AT (= 040009

=40000y =25,054)
"ITH_RESPECT To THE EYE REFERENCE POINT. =

6+ STANDARD PoSITION =

JOINT _IX9Ys2) COORDINATES _
NO.
1 ( Oeo 0.0, 3.3)
2 L. DeDy 00y 363)
3 { =00, 0.0, 17.59)
4 (. =00, . 0.0, 1905)__
5 ( =00y =1,5, 19,9)
6 (__=0:0, _ =145, 25.0) _
7 { *NsQo 4,0, 25,0)
_B =00y _ 5,0, 25.0) _
9 ( =28, 609 2540)
. 10 A__ 298y _ 4,0,._.25,0)
11 ( =10 NeDo  1745)

) 12 ( 109 0,04 _17,9)
13 (" =762y 0404 175
14 (. Te2y__ 0,00_17,5)
15 { -7'2’ 0.0, 1705)
16 A Te2s . 0,00 17,5 _
17 ( =7s2, 00, 6.2)

______ 18 ( 7 '.2 [ 2 0 » 0 " . 6 [ 2 )‘___
19 ( =7¢2y 10,1, 6,.,2)
20 (. Te20 _ 10410 642)
21 ( =7e¢2¢ 10,1, 6,2)
22 (e 7020.. 10aly....6e2)
23 o ( =72y 1741y 6.2)

_ 24 (M~“7'2|‘w1701|“~m6'2)w‘
25 { =72y 12,8, 6.,2)
_7.6 ( 7'2._.“,.12.8.,,___ 602)._._
27 ( =309 =0e00¢ =lsb)

— ?R (__. ,3-0.,-...O.O.M_.."'loé)-..w
29 ( =3e0s 16,N¢ =1,6)
=0 ( 3000 166,0¢ =146)

———— . (__ 300y _1A,04 =16,6)
32 { Fe0s 16400 =16,46)
33 (. =3e¢0y_..16,00 .al97) ..
3‘ ( 300. 16.0' -16.6)
15 (__=3e0s _ 25,8¢ =19.7) __ -
36 (

3¢0s 16409 =16,6)

o e ) g ) e - i eat S - [

D162-10127-1
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. PART I

TINPUT DATA
__ CONTINUVED

7. COCKPIT GEOMETRY

'“fCONTRoL”LQCATioN"cooRoxngés‘ARE WITH RESPECT TO THE SEAT
REFERENCE POINT AND ARE IN INAHES,

A, COCKPIT COnTROL CODES
. CONTROL
NAME

- {copE)

" LOcATION OF CONTROL
(X9Yel) COORDINATES

FCFws

=13.6009 402509 =6¢145K)

FCtpg
__FCRY

FCEPT

_FCCse

--11.650. =s350 .6.146)
=15.R800, _ 7900y =5¢398)

~eb60, 216900, _ leB54)__

FCSPS

(
(
¢
( «15,700s 115009 =4,54h)
{..
( =11,600y 1041000 =54346)

ey
e FIRBM

®13,4000 1046800 =5.166)
=) 14400y 3040009 __ Be0S54)

FIRPMR

e F1PT
FIAY

e FYWSER

FIFT

{
(

( =9,000, 304000y HBen56)
A e,240y 2048000 . 1e856) _
{  =,240, 2048000 leR54)

{ 13,600y _ %2509 =b4146)
( =104600, 316300y 14+054)

. FIFL
F1TSy
e FIART

104600y 3048209 114756) _
w2,6009y 294600 HeRG6)
(. =6.500y_ . 31800 _ . 16+454) .

F1AAA
e P THUC

9,450y 308009 )16e116)

FIinun
FIAL

0,000y 320009 184904)

FIAS
—e F1MM

=6o460y 3063000 84.7%4)

FIVSp
o FIVSDSS

0.6000 304360 9«854)
. =3,500,.-.30e900y__12¢654)___

FIVSNnH
e FIVSDL

3,5009 304900¢ 12.654)
. 34800, .. . 29¢7700._... 6eB0&4)_ .

FIVEpe
e E1C

=.3.600' 290770' 6eR04)
Bo1009 3146509 . 14e774)_ ..

Fiba

{
{
(
(
(
(
(
(
(m6,000y...29¢6000_....60154)__
(
{
(
(
(
(
(

66,4809 30800 110954)

CFIRA
e FTHC.

£.550, 30.3009 9e256)

10,2000 - 3048009 .160114)..

FIRC

9,500, 30,8000 11.95%4)

USRI b §1, R —_—

FIRMY
. F1IMSDY.

G40000 . 3043209 . 94654) ..
A.R60y 29,7200 6.654)
040009 _ 27000 =2¢996)

FINSD?
FIHSDnGC

®5,9000 2846000  6e214)

TTEINSNGI
AFCScP

T 5,900y 2B.6009 44216)
13.7509 177000 =42096)

TAFCSSP
AFCSap

10,600,  23.3009 =5.226)

(
{
{
¢
(
(.
( 0,000y 24,9000 =h,846)
(
=
‘v -—
(
(14250, __230300r __=42776) _

T AFCADE
wsEsp

( 15,100 Be5109 =60046)
0 =12.500y 91309  =5.446)

D162-10127-1
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o 04000y __ 224538 _184906)__
«4.910y 3060000 __120616)__



e WESMP

e . WSMAG

e ONIDLR .
e CNLINMS
e NIDSS

MSEPS
- MSLCT
VSLCE
_MSLGe

( «15.7000
{ =13.900,

T =13,940,
{ =1R,020,

vSEMP
__MSEcp

(. =14,500,

vslpy

__ MSLon
MSHP

_____MSAHC

VSHATY
MSEBY

19.2500

20-450’

15,400,

MSHLLS
. MSAS

(
'110500’
(

neMsee

NCHMLWY
_.___DCMEDSP

__NCHRLAW]

20.8‘09

10.660‘

ACAMQC
____ACAFFL

(
(
(
( 3.533,

ACAEFR

e ACALP

ACALFW

4,000,

. 14,130,
»R,400,

(
(
(
(
(
(
(
(
(
{
(
t

" ACAWW
_ACA| AW
wSATS

“‘18.500'

wSASp

{ =]19,500,
(“-19.030'

WS0S

{ »19,900,

CWSLLLTV

" eNIMPS

".18.000’

( =19,n80,

CeNIMSS

CNI1Ts

e e CNLTCSP
CNIRRC

CNIDLG

( =1R,3TH,
( -21.375'
( -20.8000

. =19,500,

{19,480,

012,650,

13,300,

~NILOS

20.840,

CNINDP
___CNIHTTOD

13,900,
.“60050’

CNIMDS

18,300y
1R.250¢
11,900, _
15.780y
=13,5009 _
94440y
14,560,

=4 ,0000

{ =3,180,
‘,_A._ R 3‘800’._;.,.

(~-190000|m

A . =18,030, .

. 14,000, _

1842000

{
.

(
:_maa.300oﬂw
L.

(

1207500“

124009 =4eR4K)
-8.480’_W_7p546)h
%2009 =7e]106)
2% eSBTY . e225%)
Be390s =HeB46)
=5.000% =4¢946K)
245000 =es574)
273009  2¢299)
4,000 =2:974)
30753y  114481)
264600 0974)
2806000 3¢554)
124300 =%4146)
N12.380'wm-403461“
=e600Y =%e0465)
3144500  144854)
31e)60r 13e854)
30.4R09 _ 104254)
314288y 134046)
31e9009  Beglé)
319000 Bsgle)

297009 __ 6eg74) .
30,6000 15.634)
3162509 14.014)
290009 ___ 5e854)
«5e540" =He146)

o600 __=4a046).
207500 ~e4K94)

.266100v__. _2¢754) .
232000 «004%)

. 26+4R0y __ 24056) .
“B¢7009 =Hen4b)
=820 __=6e095) .
27781 3.309)
,250000’ ________ -10826)
1062509 =3¢548)

Te2209 =e646)
19950 o 54)
1942000 .=eR9%)
206560 =e34K)
2846000 . 3e584) .
?80000’ 10334)
1860409  =2,144)

94220 =eb4h)

902009 . =4e446) .
13:.8009 =4,586)

297000 62476)
«5:080v «=Tle246)

D162-10127-1

81



B, COCKPIT PLANES

THE PLANE ERTICES ARF yITH nengct TO THE SEAT REFERENCE POINT
AND ARE IN (xsysz) COORDINATES, '

CPART

INPUT DATA
CONTINUED

_.PLANE

_UPPER FRONT PANEL

LOWER FRONT PANEL (CENTER)

LOWER FRONT PANEL (LEFT CENTER) _

.. LOWER FRONT PANEL (RIGHT CENTER) ___

. LOWER FRONT. PANEL (LEFT WING) _ .

" LLOWER FRONT PANEL

T(RIGHT WING)

D162-10127-1
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_ VERTICES
( =1747200 293499  40824)
( =17e720, 30817, 11732
{ =6e2509 324368y 1ge027)
( 4e250, 32.368,‘.190027)
{ 17.72ns 304817 1{0732)
S 1767200 29349y . 44824)
(_=2¢2509 _2Be540y . 34043)
( =2¢2509 294349, 49824)
(. 22509 294349 . 44824)
( 2¢250¢ 284940y 40043)
( =16.770y 27.101» 2¢653)
(. _™16eTT0e.. 294349y _ 44824)
{ =2+25ne 29, 349, 4eB24)
Sl . =2e250y .. ?8e5409“” é0043)
( =445000 27e.lnly  54653)
( 44500 2701010 50653)
(.. 262500 284540, . 40043)
( 2250y 29349y 4+824)
e 16e7T09...290349 . 40824)
( 167700 27slply 20653)
( '1701320 210808’ '50805)
_(”'210897.m“26¢971._ 20517)
( =1R8.080y 290349' 4¢824)
0 m160TT09...294349 .. 4e824)
( "16.7709 21.808y =»,809)
0. 164TTas. 21808, 'éoBOS)
( 166770y 294349 4e824)
M. 1R¢080s . 294349y  448B24)
( 21897s 264971y 2517
. 17.1320,w21.3n8'_,-70805)
U =16e7T0s . 264314y we039)
( =16e7T0e 2710l 70653)
wf.'120020|«.27.101|mm“20653)
( '1200200 2‘.;14' -0039)



. LOWER FRONT PANEL (LOWER RIGHT CENTER) _

( 1200200 ?4.316!
e ~ (120200 27elnly
¢ 167709 27elnly
B I e .4 16770y R4e314y.
CIRCULAR SCOPE
I L 0000y 23789
{ =4¢630n, 250376'
_ e R e V(__-406300“ 2306020
{ 0,000 302090
et . e e (. =4e630y 284602
( 4¢630y 254376y
_HEAD UP nNISPLAY PANEL (FRONT) S - .
( 2000 ZZOIRB’
- e e e e (. =2+000, 23.071,
( 2000y 23071
S e (.. 24000y . 224188y
HEAD UP DISPLAY PANEL (LEFT SIOE)
e e e e e e e e L. =2¢7509.. 31.4R0y
{ =2e750, 32.348,
O O e e (_m‘200001m“2300710
( =20000, 224188,
_.HEAD UP_DISPLAY_PANEL _(TOP SIDE) ___._. _.. . . . .
{ 2,000 23.071
- . - - - (... 2e0000.. 23071y
{ 2750 32.3¢68,
e .. =2eT500.. 32368,
HEAD UP nNISPLAY PANEL (RIGHT SIDE)
et i a2 a2 2o e e e ettt 2 e et e e oot s ( ... 240009.. 23 071,
A 27500 324348,
ittt o e e e e et + e e e e e emaem o on g e me I 207569.W3]o‘900
' { 2000 224188,
- HEAD UP DISPLAY PANEL (BOTTOM SIDE) . ... . _ .
( 2:000e 22.1R8,
U a et s + aen + = v i s /o o o TS 1t e e e e bt e 2o 75(’) - 31 3 430 [
( =2+75p0% 31480
. . . . e e { '2-000! 2201“8'
UPFER LEFT SIDE PANEL
_ v e { =17+1259 =10e2nl>»
{ =17.1725% 21.9220
e e e e e i w21 eHYR. 266975
( 214899y =10.,824,
LOWER LEFT SIDE PANEBL .. . . . o .
( 10,4059 =10.0g0,
_MWM,M_,~fm”;mn,WMWWmmpumh, { ®=10+424. . 20.9049_
{ =174074» 21.887,
et e et s ea ramaserinnt e o i e 121 1 ot et et oo e e e 4 & o - lm:170052'ﬁP100238'.
UPPER RIGHT SIDE PANEL
( 17125y 21711,
) e . - (. 218989 26647RYs.
( 21.89R"'11013‘0
S U P e 17601280 =10eD110.
LOYER RIGHT SI1DE PANEL L
. e e e e e ( 10e431s_ 200604y
( 17.079s 21,686,
(170589 2105237y
{ 1064109 =10e3n0,
D162-10127-1
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T e 039)

2¢693)
70653)

"50289)

“5e156)
-.8,6,
30257)
-08,6)

=5e156)

16.325)
200983)
200983)
1heB25)

14 4850)
19027)

2&0953)
140829)

260953)

R20e983)

19+027)
190027)

2ne983)
100027)
144850)
16825)

160825)
144850)
144850)
140825)

';.176)
-5-947,

2053&)
‘?o““‘)

-éo338)
-;0266)
-eogb“)
=72:177)

'5093‘)

70549)
‘?04‘4)
=7:176)

-@;257)
-9.933)

=7s168)

'ﬂ0330)



CONTROL STICK PLATFORM (TOP S10E)

_CONTROL STICKk PLATFORM (RIGHT SIDE)

"CONTROL STICK PLATFORM (BACK SIDE)

..SEAT_PLANE (LEFTI _SIDE)

_SEAT_PLANE_(FRONT.SIOE) __ .. ... .

SEAT PLANE (RIGHT SIDE)

"SEAT PLANE (FRONT=TOP BEVEL)

——

_SEAT_PLANE _(TOP)

84

( =2.7509 17.149s =3el76)
. (. 207500m_]701490;_'30176)
( 2+750 230149' =3¢176)
B ( =2.750y 23.149y =3.176)
‘(m'-70750{M“17;149;M-1é06’6)'
et . (. =2+7500 170149'm “30176)_
( =2¢75n0 2341499  =3.1176)
{ -207500w“2301490 ~12676)
S ( 2+750s 17149y =12¢676)
( 2¢7500 1741499 =30176)
e e e o '2075()0 } 17.149. "3.176)
( =2¢7500 17149, =15e676)
(  2¢75ns 234149, =15.676)
S ( 27500 23149y =3+176)
( 27500 174149y =34176)
e 247500_ 174149y =124676)
_ { _=2.7500__ 234149y =15.676)
( =247509 234149, -30176)
— N 2075O'mm2301“99“ =2+176)
{ 207500 230149' =12e0676)
C( =Be50py  =e78ly =134676)
— ... =BeS00y . =.75ly =7,316)
{ '805009 12009, ’60036)
e m(..‘Q.500|mm120609’. '6.8'6’.
( '80500' 12-6n90 -150676)
( —;8.5000Nw1206090 ;150676)'
A =Be5009._12460% =geB876)
( B8e500s 12.609y =ge876)
(. Be500r...1246099 =12.676) .
(- .8e5001...12:60% =15:676) .
( Be500s 12609 =(e876)
N 805000“_-1200(}9. "60036) :
{ BeS00 “e78ly =74316)
e o e e et e ‘mwhaosonq__w-07Slgwf1506’6>
e =ReB0ns._. 126609 . '60876)u
{ “Be500 12009, '60036)
. _8e5000__12¢0n%9 =ge¢036)
( BeB00s 12.609¢ =4e876)
©( =B4500s 124009y =44036)
- e (.. *Be500s.. ~eT8)ly.. =7¢316)
(.. BeS00» ~eT851ly =7.316)
- Be5009 124009y =ge036)
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D162-10127-1
85

! H . ' .
t ! s : :
— o e o~ e o gy P

-

 =Re50N

-R.SOO.
QQSOQQ
R.SOO'

=8e500
‘QQSOQQM

8.500.

B.500 .

=21¢897
21.897,
21897
=21.897,

;2108979

. 21.897,

21897,

. "21897,

mf2108970
=21.897,
21897,

214897,

2148970

21,897,
21.897'

21.897'u

210897.

218387,

. =21.897,

=21897,

=214R97,

.*21¢897,

=21¢B97,
-2108970

-°6o,51’

-607510“

‘0?51'

-6.751'
-60751’
60781
-607510

"11.0”00
“110000'
3440000

34.000'

*110000
'11-0009

344000,
=114000y

‘1100000
=11.0009
'-110000'
=11.000,

=11.0n0,
'-11.0n0,
344000,
34,000,

"340000'
340000'
3“.000'
340000.

344000,
344000,
=11000,

;911.000!

o781y

‘;0316)
260634)
‘200684)
’7.316)

2ne684)
2Re684)
2n.684)
2h.684)

=12¢676)
-1?.676)
'1éo6'6)
-1?06,6)

3¢+¢054)
35,05%4)
35:054)
350004)

=124676)
350054)
35¢054)
~12:676)

-120676)
350054)
354094)

=12.676)

~12+676)
35005%)
35.,054)
=124676)

‘150676)
350054)
36 e 094)

«12¢676)




JOINT NO.

NI
—

—— e ! H
~30B~NPHE DN~

3
~

23

WWWVV VY VN
N=>D0T N> P

)
‘a

o) )
S

o~

W
o

el B R R N it
CXx~NIPNE LN

EUCLIDEAN COORDINATES (INCHES)

0,000

040000
-, 0000
- 00N
000
‘0000'
'.0000

-eONy

w2 A4T

?cq“7‘ —

-1.000'

-7.190’

74190
«7,150,

.. Tal90
.7.190’

7:1909
3,050,
340500

=3,0500
m.30050’
.30050'

3.05n
«3,050

~3,050

.3.050l”“léggggyleﬁcs70)“MM__

0.0000
«000,
0000'

0,000y

a1 8000

. 10000'”,
“7.,190¢
_ 741900

- 70190’"WMN
7,190
..7019&L
7,190
- 7.1909"
7,190

MTI.SUOOF

4,000
5’0()0.

4,000,

4,000,
«000,
o000
« 000,

«000,
c000l
<000,

o~ QOOOL

10,142,

.w100142’

10,142,
.1001420
17,085,
‘“17.0859
12,811,
_120811’
‘0.000'

,"#.0.0000

16,020,

164020

16,020,
_16.020'
16,020,

- 340509 __16,020,

25,780,

4000y __

174600

L Bel33) __ L
o 6233 .

o 6e233)___

2 Y- 14 R

"16es5T0) .

_ PART 2

- PROCESSING TASK 1

3,290)
3.290)
17,460)
19.513)

19,513)

- 25.094)
25.054)

254094)

25.094)

25.054)

17.460)

. 17.4060)

17.460)
17.460)
17.460)

6.233)
6.233)

6e233)
6,233)

bo233)
6e233)
-1.630)
‘flobgﬂ)
=1,630)
910630’
~16,570)
-190720)

=19,720)
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umm60233’;w;,m
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W S SR S P SN ST SN S PR ST ST ST e S SR ST S S S S, PR . ST e S g, S ST P SR S P S e e
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i

0,000

20,000,

20,000,
0,900,
90,000.
90.000,
90,000,
0sUNG

90,000,

904,000,
Q0.0“O.

Q0,000

0,000,
0,000,
30,000,

30,000, .

=G0,000,

904000, ..

90,000,

10.000!

104U00
=-10,000,

“10.0000 _

-1000000

=10000,

118,145,

. 904000,

1184165,

80,000,
90,000,
90,000,

904000,

0.0“0.
- 0.000,
90,000,
90,000,

CposITIoN 1 T

ANGULAR COORDINATES (DEGREES)

90,000

9N 0000
90,000

00000
*90.0000
90.0000
90.0009
90000
12000009
6N0e000
180,000

900000'
900000
900000

040000
00000
9000000

904000

90.000'

90000
90,000,

904000

90000 ...

180,000

00000

90.0000

.. 90000

300000

®90e¢000y ..

90000

80000

"90,0000

900000

OOOOO'A

90000

90000 ..

0,000)
0.0n0)
0.000)
OOUOO)
0.0n0)

0«000)

0.000)
OOUOO,
0.000)
0.000)
0.000)
0.000)
0.00n0)

_OOOOO)M

0.000)

0000)

30.000)

=30.000)
0.000)

0+000)

0.0n0)
0e0N0)
0.,000)
0:000)
0.,0n0)

0.,000)
00000)

-'610835)
_ f14839)

0.00n0)
0+0n0)
0.000)
L0000
0.,000)
0.000)

0+000) .



POSITION h

JOINT NO, EUCLIDEANWCOORDINAIESmJINCHESI*“,AMANGULARHCOORDINATES (DEGREES)
) ( N00s =527, 3,247) ( =9,224, 90,000y, 0.000)
2 (40009 =,%2T7e  3.247) .t 2040004 904000y 0.000)
2 ( =ebTl 4,202y 16,597) ( «B,934, 282,356y =7.210)
b U =539y _ 4,887, 1R,531) ! 0.UN04 . 04000s_ 0+000)
5 0 =731y 3,482y 19,021) ( 90,0u0s =90.0000v 0,000)
e h U e 2100 745230 _22.776) 1 118,241 BReBTRe _ 246n3)
7 ( =-,33)y 11,274, 18,7%96) T U 90,U60, 904000, 0.000)
~ Q (,_ =y3670 11.8899_,_-_170968)____’__>_‘ ( N 5.1?4,_~ 9103010 o 00000)
9 ( =3,057, 4,676, 19,929) ( S0,000, 120,000 0.000)
XD U 246376 10,370, __ ?5.621) .0 90,u00, HDe000s __0.Up0)
11 ( =],462 64,3114 16,523) ( 90,000. 1804000 0.Un0)
Y2t 05209 440920 _164671) 9040006 0e000s _ 0s0n0)
12 =7,%5R, 5,169, 15,874) { 2.%9%1, 117,654, 0.000)
16 (6, 695.AWA4.2200mw16.?52)VWMN { =11e056, 2414967, 0.090)
1% ( «7.,55B, 5,169, 15,874) ( =30,000, 90,000, 0.000)
16 6,695y 4,220 _164252) _ { =30,000e 90.00n0s. 0000}
17 -6.546v 6,402y 4,760) («lN1,101e =23,691¢ 14.716)
YRt 646RBy 7,163y 5.604) (112,143, 2Re0474_ =1.106)
en_ ?-066oﬂ 16 Oalo_mml-054l”~;_w1_ 46.810e 900000+ __ 18.,892)
21 { -1 272 15.5130 1.735) { I0.0QOQ 30000 0.0n0)
2. L .”3.066,r416.0811W~“1.054)m;mwu‘(w 100004 900000s.... 0s00V)
?3 ( = hT6y 21,901, 1.834) { 10,030, 137.827, 0+000)
_____ P4 . L =e62%y 21,9069 _ 1e859) ____ ( =3643(64.192491Ry. . 04000
25 ( =1,AT4e 19,476, 1.796) ( =10,000, 904000, 0.000)
e P6 U GT9% 19,667y 10550) o U _™1000000 .. 9000009. . 040g0)
27 (. =3,050e =0,000, =1,630) ( 118,185, 180,000 0.000)
e 2B 340500 .. 0,000y .. =14630) ... 0 118,1¢%, .. 0e000y.. 0.000)
7?9 ( =3,050s 16,020y =1,03p) ( 90,000, 906000y =A]+B35)
3N ( 3.05ny. 16,0204 =1.639) { 90.VUD4 904000¢ 61.82359)
31 ( =3,n809 16,0200 =16.270) ( 90,000, =904000¢ 0.000)
... 32 U 3.0500 16,0209.m164570) (. 90.V00s m90e0009._ 0+000)
33 ( =3,050s 16,020, =19.720) (- 04000, 904000 04000)
34 U 340509._16,0200."164570) ____{.__. 04V00e. 90e¢000v... 0.000)
35 ( =3,0500 25,780, =19,720) ( 90,0004 904000 0.000)
.3k _ (. __3.,050v._ 16, ﬂaﬂlm:1605701~»~_wl 904000s__906000s... 0e000)
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PART 3

SUMMATICN OF TASK

"JOINT”KNE”QENTRoIn DISPLACEMENTS

CJOTNT 1

CENTROID )

JOTNy T2
CENTROID 2

NI S s

CENTROTD 3

T e829

e %265

ST
+829

44315
1907 .

CUJOINT 4
CENTHOfD, &

tJO I N T-“— ’ 5 et
CENTHOFD. &

~ JOINT 6
CENTRNID ¢

5013
B 1.71.7.Y S

54059
50029.... .

T JOINT 7

CENTROYD 7

JOINT 8
CENTRQID _ 8

JOINT 9

S.173
0000 ...

CENTROYD _ 9

e

~ JOTMT 10
CENTROID_10

64399

—— XY ¥ 1] + RS

JOINT 11

L JOTINT 12

CENTRNID Y2

©an s s oo o e 1r e o

44636

CENT RoI Q—l-l-‘"“m-m.m S X < N § b i

COTNTTT

CENTROYD Y3

5-.“19'-"

.. 4923
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e 2 50029

B Y.

___TASK UISPLACEMENT  CUMULATIVE DISPLACEMENT

s265

L S

529"

T a3y T

ST XY -1-T

o 1eSoT_

s 089 T

SRS - Y5 I -JS—

~g. 306 "
SOy i B ¥ -7 S

— 9. 627

g9 T

9.889

e 90627

._-._\.Sh'... i 37
SRR— Y ) X+ ¢ S

6,399

“4 . 36"

o o376 L

A T

_bel9d>

4255

4923

~5py T

o529 ..



JOINT 14
CENTROYD 14

JOINT 18
CENTHROTD 15

JOINT 18
CENTROYTD 16

JOINY T

CENTROTD 17

JOINT 98

CENTROYD 18

S JOINT 39
CENTRNYD 19

JOINT 20

CENTHOTD 70

JOINT 20

ICENTHOTD ?1

JOINT 22

60617
4302

S5¢419
54419

_ Hhe6)T
40417

6601 .
5940

®* &
D O

N~y
o) -

. Be026 .
6+879

. ReRG4
TeBN2

Ref26 . .
B.026

.. BeROYG .

CENTROFD 22

. . JOINT_23

CENTRAD 23

8.894

e .. 80245 ..
8.52¢

CJOINT 24

= 100YT70 e

CENTRATD 24

9315

. JOINT_ 25

9723

" CENTROFD 25

0000

- JOINT 26
CENTRNYD 76

T ae6T
.6302

5419
50419
I T 3 § S
4417

Y - 71 -1: § S
5.940

.-mmhuww-w~7'613m_“m
5.831

B.026  _
6+879

C e BeBQ4
7.802

... Ba026
8,026

SRR - Y : |- L —
R.894

R * I 2-0 9 U
84524

JOIMT 27

CENTRoiD 27

CJOINT 28
CENTRNtD 78

0000
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e 90723 -
0.000
10480
0.000

e De000
06000
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JOINT 29
CENTROTD 29

JOINTﬂao
CENTRNyp 30

JOINT )

CENTRO#D 21

JOINT 22

CENTROTD 32 04n00 T
CJOINT 33 0+000. N

CENTROFp 33

_0.000
0.000

0,000

T L L

0,000

0000,
04000

. 0e000___ ..

0,000

_JOINT (34 .

CENTROYD 14

_JOINT 35
CENTROsD 235

JOINT 26 _

CENTROTD 216

" 0s000
0,000

0,000

...00000

0000

e 00000

0.000

S o X N + ¥+ X s
0000

Qe000___ .
0.000

00000
06000
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L INK
LTnK
LINK
LInk
L TAK
L1MK
L1MK
LINK
L INK
L1k
L TNK
L TNK
LK
L1k
L TNk
L1ak
LTMNK
LjnK
L TNk
LTk
(I VTN
L TNK
LTMNK
L1k
Lmk
L1MK
L TNK
L InNK
LINK
L INK
L ITNK
LInK

LINK °

L INK
LIk
L INK

SUMMED TOTAL

et
— DY TN TS WN

-
N

13

6

PART 3

T 'SUMMATION OF TASK

i

MASS, CENTROTD PRODUCTSs FOR EACH LINMK

MASS
(POQUNDS)

CENTROID UISPLACEMENT

C 90340

0Ds000
29,276
0.000
2,Ah11
P.106
...ha000
0.000

. Lenno
0.000

. be0ON
0ennn
___3,R67
3.867
0en00
0.000
40101
4,10}

o277 .

2.277
..~,‘A_,0 N0
04000

. le0?1
1.021
—.len21
l.n?21
71,281
1.78)

. .leélsT2 L

12.972

2.926
. 24059
2.059
. 0.000
Den0o

—. 131+38B28

e 54926 .

(INCHES)

,265
«929
1.907
4,664
5,029
7.194

9.627

- 0eU0D
0.000

4,376

4,254
4923
4.307
5,419
4,417
5940
5-531

i ee— - Ga€l2.

6.879

T.802

e B aV26

A.b94
L Be924
9.31%
. 0.V00
0,000

e . DaVOO

0000
e e DO VN0

NaU00

e 0000

0,000
v 0eV00
0.U00
0.000
0¢VOO
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cee 12Te2893

HORK
(Lg=1In)

2.47
0e00
550d2]
NDe000
134133
65139
Nei0D
0100
0100
NDeli N
0enQD
Q0«000
19, 135
16 ek 35
0e00
0.‘)00
24036
23e418
15e662
17764
Den0D
00“00

. Be?204 . __.

9eS12
.Det}00
Ne0ON
. 0200
00N
06000
0e30DND

“OQQOO.“m .

0eN00
0000
De0N
Nei)0O
N0¢100
2721510

CUMULLATTIVE WORK
(Lp~-1IN)

2.471

0000

5%.871

00000
13,133
654139

e . 0e000
00n0

0+Unl

0000

04000

0,000

19,0235
164635
0000

0,000
?40361
15n662

17. /6%

. 0.0n0
00000

.. Belpn4
9.512
0,000
04000
0-000
0¢0n0

. 0.0n0
DslUnV
0.0n0
04000
0.0n0
0.000
0.000
0000




PART 3

SUMMATION OF TASK )

JOINT ANGULAR NEFLECTIONS (PSI)
TASK DEFLECTION (DEGREES) CUMULATIVE DEFLFCIION (DEGREES

0,000 0,000
L0e000 . ... 0,000
JOINT =7.7210 -T.210
JATNT 0,000 L. 0,000

JOTNT 1
e
3
" - . e e . " ean e e
Jainl b D000 0,000
6
{
[
9

JornT

JOINT  PehN3 o 7 v o 2.601
JoNT 0.000 0.000
JoNT _he,0n00 L 0,000
JATNT 0,000 0,000
JOINE YO 0,000 ... 0,000
JOINT 11 0,000 0.000
JoTnE 12 L ... Oe0n0 . ... b.000
JOINT 13 0,000 0,000
JOINT 14 e e Do L 0,0u0
JOTNT 15 0,000 ‘ 0,000
JOINT A6 . ... 04000 . _ . .. ... 0,000
JOINT 1/ =1%,2R4 ~15.284

JOINT 18 2R .,RN4 28,804
JOINT 19 el 25T .. =16,2b7
JOINT 20 : l1r 89?2 16,892
JOINT 2 08000 ... Da000
JOINT 22 N.NOO - 0,000
JOINT 23 . .. 04000 ... . . ... ..... . 0,000
JOINT 24 0,000 0.000
JNInT 25 0,000 0,000
JarnT 26 0.000 0,000
SJOINT 27 0000 ... G,000
JOINT 28 0,000 0,000
JOINT 29 i _B1GR3S o All.B3s
JOTNT 30 =-61,R35 ' -61,835%
JOINT 30 04000 . . . ... 0,000
JOINT 32 0,000 0,000
JOINT 33 e 00000 e e 04000
JOINT 34 . 04000 0,000
JOINT 35 04000 . .. ... %l.000
JOINT 36 0,000 0,000

EAD D:FLECfION““_" “er.ar T
L EYE DEFLECTION o o 520098 o o e . 924098 ..
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OVERIAY

CGE

REACHA

INTERF

igf)

OUTGO

#System Subroutine

+Function subroutine

APPENDIX T

SUBROUTINES USED

FOOL”

. ANGLET, SETUP, R@T3, TRANSF, DTPF, AFF, MAB, KAMPAR"

PREANL, MINUM, RAND", FuN1®, Fun2”, Fon3®, Fony®,
rns®, Foné*, FoN7*, REDEF

RYTE, TASK, LINE, ROT3, POSE, TRANSF, DTPF, AFF,

MAF@, LYNX, RAKE, SPRING (+FUN), SPRINX (+DER),

FOC (+PENF), POXC (+PENFX), PENLTY, TRAC, HBAD, REPLCE,
CTERP, FTERP, R@3"

INSFECT, DET2, DET3, DETL

CMILUC

None

@with MATB, MABT entry points

<With entry point R@3F
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BLOCK COMMON

APPENDIX IT

NAMES IN EACH OVERLAY
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APPENDIX II
OVERLAY BLOCK COMMON USED
CGE INTERF, TASKS, LINKS, STDP@S, CONTRL,

@guT, MAN, SUM, ITRANS, R@TATE, PROD,
POINTS, FCON, INDEX, TRANS, IP@C, BDRY,

PR@BIM, INPUT, K@NTRL, CIRCLE

INTRAN INTERF, TASKS, LINKS, STDP@S, CONTRL,

@UT, SUM, ITRANS, R@TATE, PR@D, POINTS,
FC@YN, INDEX, TRANS, IP@C, BDRY, PROBLM,
IN@UT, K@NTRL, CIRCLE

EEACHA TASKS, LINKS, STDP@S, CONTRL, OUT, MAN

MANL STDP@S, MAN, ITRANS, ROTATE, PROD,
PPINTS, FC@N, INDEX, TRANS, IP@C, BDRY,
#*
PR¢BLM, INPUT, K@NTRL, CIRCLE, P@CTRA ,
»* * * * * *
WDER , RMINK , EYE , FUN , KRAKE , TRAP ,

* * * # *
MUZZLE , INTERP , FANG , IC@MM , FTERP

INTERF INTERF, TASKS, LINKS, STDP@S, CONTRL,

@uUT, MAN
SUMM SUM, LINKS, STDP@S, @uT, IP@C
OUTGO INTERF, TASKS, LINKS, STDP@S, C@NTRL,

guT, MAN, SUM

#*,ocal to overlay
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Appendix IXII

Variables In Block Common
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0000000000 00O0OCBOOCGOOCOOTC

Appendix III
Block Common Variables
(Global Blocks)
BDRY BL(k2, BU(L2), ACB(L2)
JTRCLE DR, Fi, PIT
CONTRL ¥T1,¥'72 KT3,KThL,KT5,KT6 ,KT7,¥T8 ,KT9,KT10,

KT11,K73.2 ,KT13 ,_KTlh oKT15,KT16,KT1YKT18,
KT6,KT20,KT21(20) ,KT22 (20)

FC@N ceg(1%) ,SCEN(15)

INDEX IP,N,M,K#UNT ,KKFUNT ,IM

INZUT PT1(15),PIF(15),STEPS

INTERF NPL,NVERT(3€), PDES(kL,36),
PPT(3,£6,36),NCC

TPgC TA,IB,1C,TJOIN,TUB,NUB,LA,LAT,,
LB,LJOIN, ISPRA(10) ,LBL,LIA (10},
H(8),TJF1

ITRANS 1Q(L2), TPAR(42)

KONTRL ISKIP,MAN ,TPOSE ,NSTEPS ,NMJ ,MAXMA ,
IC@N ,NCASE ,KPpS

LINKS NL,LINKS (36) ,zMASS(36) ,CNTLOC(36),
Lvoc(3,36),FCT(36),LN(36) ,0PCT(36),
CPCT{36)

MAN TREDEF,X3,Y3,23,INF,FROM,SWITCH,NSTEP

guT BLANK ,@#SERV , TM,DGCV , JTASK , TN, IN1, N2,
N3

PAINTS P(3,36),DP(3,42,36)

PRZBIM CANST(100)

PROD TP(3,3),DTP(3,3,L42),TIP(3,3)
DrIP(3,3,42),TRNSLT(36)

D162-10127-1
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Length

126

30

31
830

Lo

8L

361

L6k
100
810



RPTATE 17(3,3,36),D1(3,9,36),F(2,3) ,JDER 1303
STDPES STDR#S(3,36) ,ANGLIM(6,36) ,R(3,36) 756
RP(3,36) , ANGLEL (3,36, ANGLE2 (3,36
SUM CTD(36),CTMD(36) yCWIRK(36) , 16
CDJA (36$,cn1,cmm

TASKS NT ,RHTPT(3,20) ,LJHTPT (3,20) ,ETPT(3,20), 481
TDUR(20) , THZLD(20) , TDES(7,20) ,RHZRT (3,20),
LH@RT (3,20),

TRANS ERR,FX, PXN, PK,SCALE ,X(27),GX(27), 91
PF(30) ,GSXTST ,ERC

233108 = 9928lo
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Block Common
(Local to MANL Overlay)

EYE

0000000000000 0CBO0COCGBOCOCDTS
;

FANG

ICAM

INTERP

!

Variables Length
ALEPH(3),BETH(3), GIMEL(3 ) , BETHN, 11
BETHNS
H(30,30),4A(30,30),B(30,30) 2700
FI,FI1,X1(30),X11(30),KILL 63
A(30),6G(30) 60
RN, NNN, MM, MMM L
EP1,EP2,51G(30),3(30),R 63
KCALL 1
v(30),P(30),6v(30),PENX(30),PV(30,30) 1050
VLAMBD(30)

DRIGHT(3,15),DLEFT(3,15),PT(20) 110
FV, PEN, ELACS, PK2, FY, FZ, GSX, GSZ, ETA, 15

Z, 8, FRAC , AZAHA, YRDEN, SIGY
PX(30,30),PXNX(30),XIAMBD( 30) 960
aw(2T) 27

117104 = 5061410
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Appendix IV

Definition of Variables
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VARIABLE

ARRAY

FROM

INF
IXX
JTASK
PSEUD

. SWITCH

ZATRIX

ANGLE1

ANGLIM

BLANK
CHD
CDI

CDJA

CNTLEC

COMENT

INTEGER

INTEGER

INTEGER
IRTEGER

INTEGER

REAL

DIMENSION

(100)

(3)

(3,36)

(6,36)

(36)
(36)

(2k)

ENCOUNTER
PROGRAM,
SUBROUTTNE

CGE,

CGE,

CGE,

CGE,
CGE,
CGE,
CGE,

CGE,

CGE,

INTRAN,

APPENDIX IV

COMMON
BIOCK

>

TASKS

STDP@S

STDP@S

* Denotes Card or Tape




APPENDIX IV
LOCAL
COMMON OR
_ BLOCK GLOBAL

L

MAN G

MAN G

L

gur G
TASKS - G

L

MAN G

L

STDPPS G
STDP@S G

/

ouUT G

SUM G

SUM G

SUM G
LINKS G

L

* Denotes Card or Tape Input Variable

DEFINITION

Storage array used in Subroutine POOL

{O Program MAN1 called after INTERF
FROM = (1 Program MANl called after REACHA

INF = go Task is feasible

1 Task infeasible
Used to read E¢F to get sbnormal exit with file and
Stores current task number
Stores total number of tasks in task sequence
References the Hollerith word "CGE"

O No visual interference, continue
Switch =

1 Program MANl recalled

Stores logical file names, used in Subroutine POOL

References Euler angle values at each Joint of BOEN
Anglel(I,J): I = TYPFE of angle (6, ,¥) J = Joint

References lower and upper angles bounds on Joint

ANGLIM(I,J): I = 21 Upper Bound
2i-1 Lower Bound
i=1,2,3; = Type of angle (0,¥,¥) J = Joint Wumb

Stores a 10 character blank'word for the output ove
Stores the cumulative head deflection angle
Stores the cumilative eye deflection angles
Stores the cumulative Joint twist angle for each Jjo

Stores the relative centroid distance from a link e

- for each link

References & description of the evalustion run for

s

lay




DEFINITION

Storage array used in Subroutine POOL

{O Program MANl called after INTERF
FROM = (1  Program MANl called after REACHA

INF = %O Task is feasible
: 1 Task infeasible
Used to read E¢F to get sbnormal exit with file and core dumps
Stores current tesk nnmﬁer
Stores total number.of tasks in task sequence
References the Hollerith word “CGE"

O No visusl interference, continue
Switch =

1l Progrem MANl recalled

Stores logical file names, used In Subroutine POOL

References Euler angle values at each joint of BOEMAN-I,
Anglel(I,J): I = TYPE of angle (6,¥,¥) J = Joint Number

References lower and upper angles bounds on Joint

ANGLIM(I,J): I = 21 Upper Bound
21-1 Lower Bound
i =1,2,3; = Type of angle (8,¥,¥) J = Joint Number

Stores a 10 character blank word for the ocutput overlay
Stores the cumulative head deflection angle

Stores the cumlative eye deflection angles

Stores the cumlative joint twist angle for each joint

Stores the relative centroid distance from a link endpoint
for each link

References a description of the evalustion run for output over-

lay

D162-10127-1
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APPENDTY TV

PREDIN

KOWIHY,

KOM'RJ}"

\ ' * Denotos:mﬁ or tap



APPENDIX TV

PREDIN G

SUM G
SUM G
SUM G

L
TRARS G
TRAKS G

L
TASKR G
TPgC G
ZPocC G
IPOC G
ouT G
T G
KONTRY, G
KOWralL G

‘___3

* Denotes;ﬂaﬁﬁ or tape input varisble

A set of weighting constants for penalty functic
Euler angles for objective function in MAN1

Stores the cumulative displacement of each joind
Stores cumulative centroid displacement of each
Stores cumulative work done for each link

= {%%; conversion factor for degrees and radilan:

Stores superfluous descriptions of retrieved dat

Used in MAN1l; Allowed error in each equality cor

Used in MAN1; Allowed minimization error for LYl

Control code to be viewed by the eye midpoint e

Control point (corresponding to code) to be vie1
eye midpoint,
ETPI(I,5): I = type of Euclidian coord (x,y,z)

= 2k; Used in MANL; Index of right arm terminal |
; 23; Used in MAN]; Index of left arm terminal j¢
= % H Used in MANl;index'of eye midpoint

;>i2; Coﬁtains Intermediate output file no.
Contains MANI error output option value (=1,Yes)

Used in MANl)specifies whether BOEMAN's p051t10r
lated from input angles,

Usod in MAN1l; specifies whether first p051t70n o

be bypassed,

= 10; Used in MAN1)number of links in spine - ri

'R




A set of weighting constants for penalty function and preferred
Euler angles for obJective function in MAN1

Stores the cumulative displacement of each joint
Stores cumulative centroid displacement of each link
Stores cumulative work done for each link

q"o

= igb; conversion factor for degrees and radians

Stores superfluous descriptions of retrieved data sets

Used in MAN1; Allowed error in each equality constraint.

Used in MANl; Allowed minimization error for LYNX

Control code to be viewed by the eye midpoint for easch task

control point (corresponding to code) to be viewed by the
eye midpoint,
ETPT(I,J): I = type of Euclidian coord (x,y,z) J = Task Number.

24; Used in MAN1; Index of right arm terminal joint

23; Used in MANl;Index of left arm terminal joint

T ; Used in MANL index of eye midpoint

12; Contalns intermediste output file no.

Contains MANl error output option value (=1,Yes)

Used in MAN]; specifies whether BOEMAN's position is to be calcu-
latéd from input angles,

Used in MAN1lj; specifies whether first position optimiza*ion is to

be bypassed,

= 10; Used in MANljnumber of links in spine - right arm system

lb ' D162-10127-1
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KOM

KT1

*
KT10

KT1l

KT12

KT13
KT1h

*
KT15

KT16

*
KT17

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER

INTEGER
INTEGER

INTEGER

INTEGER

INTEGER

INTRAN,

INTRAN,

INTRAN,

INTRAN,

INTRAN,

INTRAN,

INTRAN,

INTRAN,

INTRAN,

INTRAN,
INTRAN,

INTRAN,

. INTRAN,

APPENDIX TV

CANTRL
CANTRL
CANTRL
CANTRL
CNTRL

CONTRL

CANTRL,
CONTRL
CANTRL
CPNTHL
CARTRL

CANTRL
CANTRL

chNTRL,
CHNTRL

CORTRL

*¥Denotes




INTRAN,
INTRAN,
INTRAN,

INTRAN,

INTRAN,

INTRAN,

INTRAN,

INTRAN,

INTRAN,

INTRAN,
INTRAN,

INTRAN,

INTRAN,

APPENDIX T7

CANTRL
CANTRL
CPNTRL
CANTRL
CANTRL

CPNTRL

CANTRL
CONTRL
CHNTRL
CANTEL
CANTRL

C#NTRL
CANTRL

CANTRL
c¢NTRL

CONTRL

G

*Denotes card or tape input

L

CF NN A e, g™,
= O

MMMW\MM—\MF&M,“M
~ O -~ O+~ O+ O W O M- O+ O+ C + O

o

o -

[

= O

= O

e T e U T s
= O

Tesk control code matches dictionar
No match (output variable from subr
Input data to be printed out

Input data not to be printed

Do not print link dimensions

Print out link dimensions (Outgo)
Do not print task information

Print task information (Outgo)
Do not print standard angular posit
Print standard angular position (c
Do not print joint angle limits
Print joint angle limits (o
Do not print cockpit geometry or ecc
Print cockpit geometry and codes (
Standard link survey used
Non-standard link survey used (
Do not print standard position Join

. Print standard position jolnt coord

Do not print (SRP) control location

print (SRP) control locations (
Extended hand position tested
Clenched hand position tested (
Task initially feasible

Tagk redefined (
Do not print reach analysis output
Print reach analysis output (

used currently

Ko visual interference

Visual interference exists
Determine new position correspondin
Do not calculate new position

No physical'interference

Physical interference exists

varigble




2 input

= O = O

|
g

0]

o -

f
{
§
.
i
{

o +

—~

o +

(o2

:

:
|
:
={°
g
|
3

|

0

"

o

0
0

F o

[

= O

Task control code matches dictionary entry

No match (output variable from subroutine K@MPAR)

Input data to be printed out

Input data not to be printed

Do not print link dimensions

Print out link dimensions (Outgo)

Do not print task information

Print task information (Outgo)

Do not print standard angular position
Print standard angular position (outgo)
Do not brint Joint angle limits

Print joint angle limits (outgo)
Do not print cockpit geometry or codes
Print cockpit geometry and codes (outgo)
Stendard link survey used

Non-standard link survey used (outgo)

Do not print standard position joint coordinates

Print standard position joint coordinates
Do not print (SRP) control locations

print (SRP) control locations (outgo)
Extended hand position tested

Clenched hand position tested (reacha)
Task initially feasible

Task redefined (reacha)
Do not print reach anslysis output

Print reach enalysis output (outgo)

used currently

No visual interference

Vlsual interference exists

Determine new position corresponding to new line of sight

Do not calculate new position
No physical interference

Physical interference exists

variable o 3

(outgo)
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KT18
*
KT19

- KT20

LFTZ

éc

MASS

*
MCPCT

MSTD

INTEGER
INTEGER
INTEGER
INTEGER

INTEGER

INTEGER

IRTEGER

(3,20)

(20)

(3,20)

(36)
(36)
(36)
(36)

(3,36)

(36)

(36)
(36)
(36)

INTRAN,

INTRAN,

APPENDIX IV

CONTRL
CANTRL
CONTRL
IPOC
IPOC

TASKS

TASKS

LIRKS

K@NTRL

LINKS

LINKS

¥ Denotes car¢




APPENDIX IV

CONTRIL
CONTRL,
CONTRL
1POC
IPOC

TASKS

TASKS

LINKS

K@NTRL

LINKS
LINKS

* Denotes card or tape input variable

e QR Q@ Q Q@ Q@

2}

Bt Q @

H O @

Not Used currently

Not Used Currently
Not Used Currently
= 13; Used in MANl;total muiber of smgles in splsa
= 22; Used in MAN'l}'IA + nudber of sngles in left

Task defined left hand orimmtmtion smgles THORT(
J = TYPE of angle. (8,¥, V) J = Task No.

Task defined control code For lefit hand,each ‘tasl

Control point for left hand, esch task THTPT(I,J
I = coordinates (x,y,z) J = thedk muber.

Stores BOEMANS link lengths,each limk

Contains link length means, eerh Tirk

Conta:lné link mmbers, each Iink

Centains link length standemd dewimitions, each 1:

Contains differences in y roordinste of seat &and

reference points

Contains difference in z coordinste of seat and

reference points

Contains 28 character link masme, each 1ink

I= 1,3510 characters each; J = Nmk mo.

- 0 If no output from MANL #= desired
51 otherwise

Stores BOEMANS link mass, emch Rindk
References %‘ distance of ecerntroid from proxima

Contains means of link mess, per livk

Contains 1link mass standar@ devimtions, per link




sed currently

ied Currently

ied Currently

Used in MANl;total mmber of sangles in spine and oight =rm
Used in MAM}LA + nunber of angles in left arm

jefined left hand orismtmtion sngles THORT(I,J);
YPE of angle. (0,%,¥) & = Task No.

defined control code for Jeft hend,each task

ol point for left hend, emrh task IHTPT(I,J)
oordinates (x,y,z) J = thedk munber.

s BOEMANS link lengthsyeech Nfiwk

ins 1link length means, eadh Nink

ins link numbers, each 1ink

ins 1ink length standard @ewisitions, each link

ins differences in y roordinate of seat and eye

ence points

ins difference in z coordimste of seat and eye

ence points

ins 28 character link msme, each 1irk
23310 characters eachj 4 = Tirk mo.
If no output from MANL iIs desired
otherwise

5 BOEMANS link mass, smch imk
‘ences o/o, distance of centroid from proximsl end
ins means of link mass, per liwk

ins link mass standardl deviations, per link

3 D162-10127-1
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NAF

NCC

NCF

#*
OPCT

*
OSERV

PCT

»*
PDES

INTEGER

INTEGER

INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER
INTEGER

INTEGER
INTEGER

INTEGER

INTEGER

REAL

REAL

(36)

(36)

(3,36)
(36)

(k,36)

‘(3)6’36)

INTRAN,

INTRAN,
INTRAN,
INTRAN,
INTRAN,
INTRAN,
INTRAN,
INTRAN,
INTRAN,
INTRAN,

INTRAN,

INTRAN,
INTRAN,

INTRAN,
INTRAN,

INTRAN,
INTRAN,

INTRAN,

INTRAN,

INTRAN,

INTRAN,

APPENDIX IV

INTERF

LINKS

KONTRL

INTERF

KPRTRL

TASKS

INTERF

LINKS

POINTS

LINKS

INTERF
INTERF -

* Denotes car




APPENDIX IV

INTERF

LINKS

KONTRL

INTERF

K@NTRL

TASKS

INTERF

LIRKS

POINTS

LINKS

INTERF
INTERF

Q Q@ =2 Q ¢+ Q@ Q= @ @ = @ BB =0 = =

2]

= 11; File Number for Jjolnt angular limits date
Number of control codes

= 11; File Number for contrsl code date

Number of links of BOEMAN-I

= 11 File Number for link data

Rumber of moveable jJoints

1l File Number for normal table distribution

11 Not currently used

References each 1ink percentile PCT (I)

= 11 File Number for cockpit planes data
Number of coekpit planes

= 11 File Number for standard position data
Size of each step in e task

Number of tasks

= 11 File Number for task data
Number of Joints in the spine head system

Number of vertices of each cockpit planes
Number of vertices of a cockpit plane
Percentiles for non-standard survey
Non-standard survey name (up to 30 characters)
Joint position array in Euclidean coordinates

Percentile values per link ¥(I,J), I=1,3 (x,y,:
J =1, No. of joints

4O character cockpit plane identifiers

Cockpit plane vertex coordinates PPT(I,J,K) J

J=1, no. vertices, K=1, no. of planes

* Denotes card or tape input variable _1)




= 11; File Number for Joint angular limits dats

Number of control codes

= 11; File Numter for control code data
Number of links of BOEMAN-I

= 11 File Number for link data

Number of moveable Joints

= 11 File Number for normal table distribution
= 11 Not currently used

References each link percentile PCT (I)

= 11 File Number for cockpit planes data
Number of coekpit planes

= 11 File Rumber for stendard position data
Size of each step in a task

Number of tasks

= 11 File Number for task date
Number of Joints in the spine head system

Number of vertices of each cockpit planes
Number of vertices of a cockpit plane
Pe;centiles for non-standard survey
Non-standard survey name (up to 30O characters)
Joint position array in Euclidean coordinates

Percentile values per link ¥(I,J), I=1,3 (x,y,z)
J =1, No. of joints

4O character cockpit plane identifiers

Cockpit plane vertex coordinates PPT(I,J,K) J=1,3 (x,y,z)
J=1, mo. vertices, K=1, no. of planes

1le : 3 D162-10127-1
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»*
RHfRT

RHTC
 RHTPT

TDUR

THOLD

REAL

REAL

REAL

REAL

(3,36)

(3,36)
(3,20)

(50)
(3,20)

(3)
(3,36)
(50)
(3,91)

(91)
(7,20)
(20)
(20)

(51)

INTRAN,

INTRAN,

INTRAN,

INTRAN,

INTRAN,
INTRAN,

INTRAN,

INTRAN,
INTRAN,

INTRAN,

APPENDIX IV

STDP@S

STDP@S

TASKS

TASKS

TRANRS

STDP@S

TASKS
TASKS

TASKS

* Denotes card o




[NTRAN,

[NTRAN,

[NTRAN,

INTRAN,
INTRAN,

INTRAN,

APPENDIX IV

L Denotes the normel deviate value correspondi
link percentile
STDP@S G Initial joint position array in Euclidean cc
(same as P)
STDP¢S G Final position array at end of task in Eucli
TASKS G Task defined right hand orientation angles
RHPRT(I,J) I=type of angle (©,f,¥,); J=tas
L Task defined control code for right hand, es
TASKS G Control location for right.hand, each task
RHTPT(I,J) I=coordinates (x,y,z) J=task nunt
TRANS G Penalty coefficient séale fector
L Lumbar joint coordinates with respect to eye
STDP@S G Standard angular position, each joint
L Task number of task sequence
L Task defined control locations
TcLpc(1,r) I=(x,y,z) coordinates, J=task nun
L 10 character cockplt control codes
TASKS G TO character task description, each task
TASKS G Tesk duretion in seconds, sach task
TASKS G Task hold time in seconds, each task
L Normal deviate velues (positive half of table
# Denotes card or tape ;lnput variable | l‘




motes the normal deviate value corresponding to the

{nk percentile

1itial joint position array in Euclidean coordinates

;ame as P)
lnal position array &t end of task in Euclidean coordinates

18k defined right hand orientation angles
IPRT(I,J) I=type of angle (0,¥, V,); J=task number

isk defined control code for right hand, each task

mtrol location for right hand, each task
ITPr(I,J) I=coordinates (x,y,z) J=task number

mmalty coefficient scale factor

mbar joint coordinates with respect to eye reference point

;andard angular position, each joint
18k number of task sequence

isk defined control locations
'1fc(1,J) I=(x,y,z) coordinates, J=task number

) character cockpit control codes

) character task description, each task
'1sk duration in seconds, éach task

1sk’ hold time in seconds, each task

)rmal deviate values (positive half of ta'ble)

D162-101271
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Appendix V

Storage and Retrieval
Program and Subroutine
Descriptions
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Appendix V

Storage and Retrieval Subroutines

Program CAPSIS Progrem RAPSIS
Subroutines Subroutines
Used: Used:
INIT™F NVNTRY
SAVTBS LSTSTS
NVNTRY GETSET
LSTSTS DFST
DFST SVTBS
SVTBS IgRC
IfRC T@C
T@C KMPVIW
KMPVIW KwDS
KWDS RECUT2
RECUT2 MFW@RK
MFWERK RVNTR
NVNTR GTST
GTST DPgUT
DP@UT DPIN
DPIN TEXIC
TEXIC
D162-10127-1
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Program CAPSIS

Program CAPSIS is the creation section of the Storage and Retrieval program.
The data pool tape is created by first reading a card specifying the number
of data sets to be read from the input file, Refer to the usage section
(L.1) for the data set formats for various types of data., FEach data set
read 18 delimited by two cards. The first specifies the set name, and the
second, specifies the end of the data. The data pool tape is created on
£ile BR#PL.

SUBROUTINES CALLED are: INITMF, SAVTBS, NVNTRY, LSTSTS

Figure 10 shows the Program CAPSIS flow diagran.

D162-101271
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PROGRAM
CAPSIS

INITIALIZE
PROGRAM
PARAMETERS

:

READ ‘‘NDS"
MUMBER OF
DATA SETS

(o) B
L
CALL INITMF )= —=( TAPE
(BPOOL)
DO K= 1, NDS
PROCESS
AND
CALL SAVTBS J— — — —( STORE DATA
SETS FROM
INPUT FILE
CONTINUE

I

CCALL NVNTRY)— -—-
(CALL LSTSTS ’— S

C CALL EXIT )

INVENTORY
DATA POOL
TAPE ON
OUTPUT
FILE

LIST DATA
IN DATA
SETS ON
OUTPUT
FILE

Figure 10. Program CAPSIS—Flow Diagram
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Erogran BAFSIS.

Program RAPSIS is the retrieval section of the Storage and Retrieval
program, Data sets are retrieved from the data pool tape by reading a
card specifying the total number of sets to be retrieved and then read-
ing a card specifying the data set name for each set requested, The

data pool tape must be mounted on file BP@PL and the output tape on which
the retrieved data are stored is on file WZRK. The order of the sets
retrieved is established by the order in which the data set names were

rzad,
SUBROUTINES CALLED are: GETSET, NVNTRY, and LSTSTS,

Firure 11 shows the Program RAPSIS flow diagram.
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PROGRAM
RAPSIS

INITIALIZE
PROGRAM
PARAMETERS

v

READ ''NDS”
TOTAL NO. OF
DATA SETS
TO

RETRIEVE

DO K =1, NDS$

READ

SET NAME
FROM INPUT
FILE

‘CALL GETSET’— -

4

CONYINUE

RETRIEVE
DATA SET

‘ CALL NVNTRY )— -
‘ CALL LSTSTS)— —_——

CLOSE ““WORK™’
FILE (WRITE
END OF FILE)

CALL EXIT

INVENTORY
DATA POOL
TAPE

(BPOOL)

LIST DATA

CONTAINED
IN

ALL SETS

RETRIEVED

Figure 11. Program RAPSIS—Flow Diagram
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Subroutine INITMF

Subroutine INITMF is called to initialize parameter when creating a data
pool tape.

No Subroutines are csalled.

Subroutine DEFSET

This subroutine is not used in the present program configuration, but may-
be utilized in later development of storage and retrieval.

Subroutines Called are: DPIN, T¢C, DFST, TPCHPC, and DPRUT.

Subroutine REMSET

This subroutine is not used in the present program configuration, but
maybe utilized in later development of & more sophistitated Storage and
Retrievel system.

Subroutine Called are: DPIN, T@C, RMST, T@CHSC, and DPEUT.

Subroutine DFST

This subroutine is not used in the present progrem.

The subroutine called is: I@RC.

Subroutine RMST

This subroutine is not used in the present program.

The subroutine called is: I@RC.

Subroutine GETSET

Subroutine GETSET controls the retrieval processing of specified data sets
to the user file w¢RK. That is, the contexts of the data set specified is
retrieved from File BP@PPL and restored on user file W@RK.

Subroutine CAlled are: GTST, DPIN, T@XIC, and DPEUT

D162-101271
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Subroutine GTST

Subroutine GTST 1s called from GETSET and performs the retrieval of
particular data sets. After the set name has been read, GTST searches
a table of data set names and retrieves the set from the pool. It is

then written on the user WPRK file.

Subroutine Called are: KMPVIW, and KWDS.

Subroutine SVIBS

Subroutine SVIBS is called from program SAVTBS and performs the sddition
of data sets to the data pool tape. The data set cards are read, the
names processed, and the data is written onto tape. The program checks

all input set nemes for uniqueness.

Subroutine Called are: MFWERK, DFST, and THC.

Subroutine SAVTBS

Subroutine SAVIBS control the addition of the data sets to the data pool.

Subroutine Celled are: DPIN, SVIBS, and DP@UT

Subroutine REMTAB

This subroutine is not used in present program configuration.

Subroutine Celled are: INITMF, DPIN, RECHUT, T#C, RMST, MFW@RK, SVTBS,

and DP@UT

Subroutine I@RC

Subroutine IPRC is called from DPST.

D162-10127-1
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syl tine NUNTRY
Subroutine NVNTRY provides an inventory of the data pool tape, listing
all the set names, their location and length on the tape, This is

written on the output file for later printing.

Subroutines called are: DPIN, T@XIC, MFW@RK, and DPJUT.

<ubroutine ISISIS
Subroutine ILSTSTS provides a listing of the data ceontained in all the data
sets stored on the data pool tape., This is written on the output file

for later printing.

Subroutines called are: DPIN, DPEUT, T@XIC, GTST, and MFWORK.

Subroutipe MEﬂQBK

This subroutine is called from SVTBS for adding data sets, called from
NVNTRY to obtain a file summary, and also from LSTSTS for full list of
data,

D162-10127-1
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(System) Subroutines K@MSTR, STRM@V

Two subroutines used by Storage and Retrieval programs are machine

oriented so that equivalent subroutines must be written on what ever

machine is used.

These routines are:

1. K¢MSTR -  Function compares two strings of characters

I = KOMSTR (S1,K1,N,S2,K2)

I=-1 String 1 ¢ String 2
O it = o
w1 : >
81, S2 - Arrays contalning strings to compare
Kl, K2 ~ Integer stating location in S1, S2 of
15t character to compare
N -  Number of characters.
2. STRM¢V - Moves a string of characters from one array to another.

Call STRM@V (S1,C1,N,S2,C2)

Sl
s2
Cl

ca

Array to be moved

Receiving array

Integer specifying position of first character
to be moved relative to first position of array
Rumber of characters to be moved

Integer specifying position of 15t character

in S2 which is to receive characters from S1
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APPENDIX VI

CGE PROGRAM AND SUBROUTINE DESCRIPTIONS
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SUBROUTINE POOL (A,B,C)
Program CGE calls a system routine providing for file sharing in the buffer.,

The calling sequence is CALL POOL (A,B,C) where:

A = An array consisting of logical file names (of size "B")
(Input)

B = Number of binary files to be shared in the buffer minus one
(Input)

C = A local storage array for the subroutine (of size 100)

A more detailed description of the system routine POOL may be found in

References (1) and (2),
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PROGRAM INTRAN

This program stores &8ll input necessary for the evaluation
whether it be user specified data on punched cards or
Anthropometric or Cockpit date on magnetic tape. 1In each
rase, data is read into memory from the card reader and

the retrieval tape. These data are written on an interme-
diate output file after being transformed. All of these
files are declared in the main overlay (PROGRAM CGE).

The program calls both a system routine and subroutine ANGLET
(see below) which calls the remainder of the subroutines

of this program.

SUBROUTINE ANGLET

The purpose of SUBROUTINE ANGLET is to calculate the
initial Joint locations of BOEMAN+TI in the standard
angular position, to initialize the palm locations and
orientations, to store sine and cosines of fixed angles
of Joints, and to initialize the variable angles and the

associated rotation matrices

Input variables required by ANGLET include:

N# = NL number of links

(TRNSLT(I)) LINKS(I)

link lengths, I = 1, NL

(ANG(I,JT))

H

ANGLIM(I,J) = angular limit on angle I,

1, 3, 5 (Minimum 8, ¥, Y¥)
2, 4, 6 at joint J, J = 1
(maximum @, \P s )

s NL
* Near the end of the routine, N is reset to the number
of variable angles.
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(sP0s(1,J3)) = sTDPOS(I,J) = angular value for O, ¥,
(I =1, 3) at joint J, J=1, NL
Output variables calculated by ANGLET include

ISPRA(I) = array of joint numbers for right
arm and spine systems

TLA(TI) = array of Jjoint numbers for left
arm system

IH(I) = array of Joint numbers for head
system

IRL(I) = array of joint numbers for right
leg system

ILL(I) = array of joint numbers for left
leg system

WR(I) = variable joint angle initial values
(in radians) I = 1, K1 (number of
variable angles)

CR(I) = constant angles of joints I = 1,
K2 (number of constant angles)

SCON(I) = sin (CR(I))

CCON(I) = cos (CR(I))

P(1,J) = R(1I,J) = initial joint locations I = 1,3
(coordinate x, y, 2) J = joint
number

N = number of variable Jjoint angles

X(1) = initial values of variable joint
angles, I = 1, N (used in MAN1)

PTI(J) = initial palm position (J = 1, 3),

(J =7, 9) and orientation

(3 =4, 6), (J =10, 12) right
and left hands respectively and
eye viewing point (J = 13, 15)
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This subroutine (ANGIET) calls subroutines SETUP and TRANSF each time a
link system is to be referenced. A joint angle designation table, given
below, describes each of the link systems, their numbering system, and

whether each angle of any joint is a variable or a constant,

SUBROUTINE SETUP
The basic function of subroutine SETUP is to sort the ANGLIM(I,J)(=ANG(I,J))
array into three categories
(1) a variable angle in a joint ( 9, ¢, or¢)
(2) a constant angle in a joint having at least one
other variable angle

(3) a constant angle in a joint having all corstant angles

ANGLTM(I,J) gives the lower and upper bounds of each angle in each joint.

If an angle is constant, both of these bounds have the same value,
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JOINT ANGLE DESIGNATION TABLE

JCINT NO./
"LINK NO.

1

10

SPINE SYSTEM

JOINT NAME/ VARIABLE CONSTANT FIXED
LINK NAME ANGLE NO. ANGLES ANGLES
LUMBAR 1 (THETA) 1 (PHI) -
2 (PSI)
DUMMY 1 (THETA)
THORACIC 2 (PHI)
3 (PSI)
THORACIC 2 (THETA) -
3 (PHI)
4 (ps1)
HEAD SYSTEM
VERTICAL - - 25 (THETA)
NECK 26 (PHI)
27 (psI1)
HORIZONTAL - - 28 (THETA)
NECK 29 (PHI)
30 (Ps1I)
VERTICAL 23 (THETA) - -
24 (PHI)
25 (PSI1)
HORIZONTAL - -- 31 (THETA)
HEAD 32 (PHI)
33 (PSI)
EYE MIDPOINT 26 (THETA) 11 (PSI) -
VECTOR 27 (PHI)
HEAD-LEFT EYE 31 (THETA
32 (PHI)
33 (PSI)
HEAD-RIGHT EYE 31 (THETA)
32 (PHI)
33 (PSI)
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JOINT NO./
LINK NO.

12

1k

16

18

20

22

2k

26

RIGHT ARM SYSTEM

JOINT NAME VARIABLE
LINK NAME ANGLE NO.
INTERCLAVICULAR --
CLAVICLE 5 (THETA)
6 (PHI)
DUMMY -
SHOULDER
HUMERAL 7 (THETA)
8 (PHI)
9 (PSI)
RADIAL 10 (THETA)
11 (PSI)
DUMMY -
WRIST
PALM 12 (THETA)
(HAND 13 (PHI)
EXTENDED)
PALM 12 {THETA)
(HAND 13 (PHI)
CLENCHED)
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CONSTANT
ANGLES
_ i
5
6
3 (PST)
-- 7
8
9
L (PHI)
. 10
11
12
5 (PST)
6 (pPsT)

FIXED
ANGLES

(THETA)
(PHI)
(PsSI)

(THETA)
(PHI)
(PSI)

(THETA)
(PHI)
(PSI)



JOINT NO./
LINK NO.

11

13

15

1T

19

21

23

2>

LEFT ARM SYSTEM

JOINT NAME/ VARIABLE
LINK NAME ANGLENO.
INTERCLAVICULAR -
CLAVICLE 14 (THETA)
15 (PHI)
DUMMY -
SHOULDER
HUMERAL 16 (THETA)
17 (PHI)
18 (psI)
RADIAL 19 (THETA)
20 (PSI)
DUMMY -
WRIST
HAND 21 (THETA)
(HAND 22 (PHI)
EXTENDED)
HAND 21 (THETA)
(HAND 22 (PHI)
CLENCHED)
D162-101271
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CONSTANT
ANGLES

10

(PsI)

(pPs1)

13
14
15

16

17
18

1%
20
21

22
23
2L

FIXED
ANGLES

(THETA)
(PHI)
(PSTI)

(THETA)
(PHI)
(ps1)

(THETA)
(PHI)
(PSI)
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RIGHT LEG SYSTEM

JOINT NO./ JOINT NAME/ VARIABLE CONSTANT FIXED
LINK NO. LINK NAME ANGLE NO. ANGLES ANGLES
28 PELVIC LATERAL -~ - 34 (THETA)
35 (PHI)
36 (PSI)
30 FEMORAL 28 (THETA) - -
29 (PHI)
30 (7PsSI)
32 TIBIAL 31 (THETA) 12 (PHI) -
32 (po1)
34 FOOT 33 (THETA) 13 (PST) —_—
34 (PHT)
36 HEEL-TCH - . 37 (THETA)
38 (PHI)
39 (PSI)

LEFT LEG SYSTEM

27 PELVIC LATERAL - - 4o (THETA)
41 (PHT)
b2 (psT)
29 FEMOFAL 35 (THETA) — -
36 (PHI)
37 (PsT)

31 TIBIAL 38 (THETA) 1L (PHI) -
39 (PSI)

33 FOOT 40 (THETA) 15 (FS1I) -
41 (PHI)

35 HEEL-TOE - —_— 43 (THETA)
Ly (rHI)
hs (rsT)
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In addition, these bounds are stored more compactly in
bound arrays (upper and lower) and the angle numbers
and joint numbers for variable angles are initialiged in

separate arrays.

The calling sequence for SETUP is
(s, IND, TEMP, ANG, SPOS, W, IQ, IPAR, K1, K2, K3, C, FL,

FLR, FLR1, F, DR, II) where

J = jJoint number in a link system (input)

IND(I) = a control array used to differentiate between
fixed angles in variable Jjoints,; I = 1, 2, 3
(output)

TEMPCI) = temporary storage array for two joint angular

values (output)
ANG(I,J) = lower énd upper bounds of all joint angles {input)
SP0S(I,J) = standard angular values for all joints (input)
W(I) = variable angle values used in MAN1l calculations

I =1, K1 (output)
IQ(I) = array preserving the place in a Joint number

sequence to which variable angle I belongs

I =1, K1 {(output)
IPAR(I) = array preserving the kind of angle (8,4¢¥, or ¢)

to which variable angle I belongs (I = 1, K1)

{output)
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K1 = number of variable angles (output)
K2 = number of constant angles in variable joints (output)
K3 = number of constant angles in fixed Jjoints (output)

C(I) = constant angle value array (I = 1, K2) (output)

FLR(I) = FL(I) = constant angle value array (I = 1, K3)
(output)

FLRl(I) = difference of two constant angles in a Joint
I =1, K3 (output)

F(I,J) = matrix of constant trigonometric functions of
angles used for calculation in TRANSF I = 1, 2

J =1, 3, (output)

DR = 1.0 constant (input)

IT

n

position number in a link system (input)

SETUP calls ROT3 to calculate the value of the rotation

matrix F.

SUBRCUTINE ROT3

This subroutine initializes a rotation matrix T (see
Section 2.4 of Math Model Document) used later in MAN1
overlay. For general use of this subroutine, see page

in the MAN1 subroutine section.

The calling sequence for ROT3 is CALL ROT3(J) where

J = joint number in & link system (input)! in addition

the variables JDER and F, transmitted through COMMON/
ROTATE/, must be preset. F(I,J) is the matrix of trigono-

metric functions of the constant anglesgiven above,

and JDER = 4 alloW¥s for the calculation of rotation matrix T.
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Output from this routine is the rotation matrix
T(I,I1,12) of angles in a joint (I =1, 3; I1 =1, 3; I2 = joint number,

K =1, NL).
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SUBROUTINE TRANSF

This subroutine is used to calculate a sequence of joint locations for a
link system, given the link lengths, corresponding rotation matrices,
and an initial joint location (either the lumbar joint or top of spine
point).

Subroutine TRANSF is used predominantly in the MAN1 overlay for joint
position calculation and evaluation of joint derivatives with respect
to the Euler angles, A description for derivative calculation is given

in the MANL subroutine section.

The calling sequence for TRANSF is

CALL TRANSF (V, IT, LB, LUB, K, L, MNA, MNP, LJOIN, JABOS, IDER) where

v(T) = variable joint angle array = WR(I), (input)
I =1, K1 (number of variable angles)

IT(I) = array of joint numbers for a specified link system
(i.€e, ISPRA, TIA, TH, TLL, IRL) (input) I = 1, 10 maximum

1B = lower bound on the subscript I of IT(I) (input)

LUB = upper bound on the subscript I of IT(I) (input)

K = integer denoting the first constant angle of a variable
joint (C, SCON, CCON) that the subroutine encounters in
a link system,

L = integer denoting the first variable angle (of IQ array)
that the subroutine encounters in a link system (input)

MNA = maximum number of angles BOEMAN-I (input)

MNP = maximum number of points (joints) of BOEMAN-T (input)
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LJOIN = number of FEuler angles in the spine that are variable in V(I)

(input)

JABOS = denotes the joint succeeding the initial reference joint
number (top or bottom of spine) upon which link system
calculations are based (input)

IDER = control variable determining whether or not Joint derivatives

are to be calculated

no derivatives

calculate derivatives (1nput)

IDER = {3

Additional input required by this routine, transmitted via block common
includes:

I1Q(I), IPAR(I) arrays referencing joint and angle number subscripts,

T(I, I1, I2), the joint rotation matrix (I2 =1, NL; I =1, 3, I1 =1,

3) F(1,J), (I =1, 2; J =1, 3), the array of trigonometric functions of
the Euler angles defining T, TIP (I,J) (I =1, 3; J =1, 3) references
the transformation matrix at the initial joint of the sequence (bottom or
top of the spine), TRNSLT(I), (I = 1, NL) the lengths of the 36 links,
CCON (I), SCON(I), the sines and cosines of the constant angles in rota=-

tions T having at least one variable Euler angle V(J).

JDER, the control variable for subroutine ROT3, TP(I, J) (I =1, 3; J =
1, 3), the current transformation matrix at a joint, and P(I, J) (I =1,
3; J = 1, NL), the joint location array in (x, y, z) coordinates are

direct output.

TP(I,J) stores the current value of the product of rotation matrices T

when tracing a sequential link system such as ISPRA,
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SUBROUTINE MAB

This subroutine performs the matrix multiplication C = AB
where A is L x M, B is M x N.
It has two entry points MATB and MABT where one calculates

c = ATB and C = ABT regpectively.

The calling sequence for MAB is

CALL MAB (A, B, C, L, M, N, NRA, NRB, NRC)

A = matrix to be premultiplied, (L x M), (input)

B = matrix to be post multiplied, (M x N), (Input)
C = resultant matrix, (L x N), (output)

L = number of rows of A, Input)

M = number of columns of A and rows of B, (input)
N = number of columns of B, (input)

NRA = number of rows of A, (input)

NRB number of rows of B, (input)

NRC

number of rows of C, (input)
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SUBROUTINE AFF

This subroutine finds the first derivative of the position
vector P(J, IT(I)), with respect to the LL'! variavie
angle used in transforming from system IT(M) to IT(M+1l),

where M £ I. (See Section 2.4 of Math Model Document).

The calling sequence is

CALL AFF (NCALL, IT, I, LL, DP, NC) where

NCALL = control variable
1l <calculate derivative of initial position
vector
=492 cealculate derivative of any other position
vector
3 calculate position vector only
IT(I) = array of joint numbers for a specified link

system (input)
I = integer designating the Tth place in the Joint number
sequence (input)

LL = the derivative number to be calcuiated (input)

DP = the angle derivative of the joint position vector
(used in this case as P(J, IT(I)) itself), (output)
NC = number of columnsof derivative array DP (maximum

number of angles)

The routine utilizes the following additional input from

Block Common

TP (I1, I2) - transformation matrix at a joint (Il.= 1, 3;

I2 = 1, 3).
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DTP(I1, I2, I3) - Joint derivative array of the trans-
formation matrix with respect to each joint angle
(I1 = 1, 3, I2 = 1, 3, I3 = 1, maximum number of
angles).

TRNSLT(I1) = link lengths (Il = 1, number of links)
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SUBROUTINE DTPF

This subroutine calculates the first derivative of the
product array TP of rotation matrices T(I, J, IT(M))
with respect to the LLth variable angle , where M is the
MAN]1 overlay but must be included whenever TRANSF is
called (since INTRAN does not require derivative

caleulations).

The calling sequence 1is
CALL DTPF (NCALL, JT, LL) where

{1 calculate product array TP

NCALL = 12 calculate angle derivative of product array
TP, (input)
JT = 3Joint number (set from IT(I)), (input)

LL = derivative number of product array TP (input)

Input variables transmitted from block common include
IPAR(I1) = array of joint angle specifiers (Il = 1,
number of wvariable angles)
TP (I1, I2) = transformation matrix at a Jjoint
(I1 = 1, 3; I2 = 1, 3)
DTP(I1, I2, I3) = angle derivatives of array TP
(11 = 1, 3; I2 = 1, 3; I3 = 1, 'Maximum number
of angles)
DT(I1, I2, I3) = angle derivative matrix of rotation matrix T
(I1 = 1, 3; I2 = 1,9; I3 = 1, number of joints)
T(I1, I2, I3) = rotation matrix at joint I3 (I1, I2 = 1, 3;

I3= 1, number of Jjoints)
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SUBROUTINE KOMPAR

Subroutine KOMPAR is & system routine which tests whether
two varisbles store identical values. Its calling
sequence 1s

CALL KOMPAR (A, B, C) where

A = first variable to be compared, bit by bit (input)

B second variable to be compared, bit by bit (input)

C = iO A and B are identical
“ (# 0 A and B differ

A more detailed discussion of KOMPAR may be found in

Reference 3.
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PROGRAM REACHA

This program initializes all data needed for Subroutine
PREANL, which determines the gross feasibility of the task
that BOEMAN-I is currently undertaking. It also presents
array PTF, used in the MANl overlay to the terminal eye

and hand Joint locations, and final hand orientations of the
task. When the preanalysis has been completed, the task number
and feasible top of spine position are optionally written

on the intermediate ocutput tape. If the task is deemed
infeasible, the final palm positions are redefined and

their distances from the original task-defined positions

are calculated and all pertinent information is written

on the intermediate output tape. This program calls
Subroutine PREANL which in turn calls the remainder of the

subroutines of this overlay.
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SUBROUTINE PREANL

This subroutine calculates a feasible top of spine position
given the palm positions of the hands (task defined) and
the location of the lumbar Joint according to an optimi-
zation procedure described in the Math Model Document
(Section 2.3). The optimization routine utilized is

called MINUM.

The calling sequence for PREANL is given by

CALL PREANL (AA, BB, ALPHA, BETA, X0, YO, 20, X1, Y1, Z1,
RH@1, RH@2, X2, Y2, Z2, SIGMAl, SIGMA2, X3, Y3, 2z3, IREDEF,
X11, Y11, zi1, X22, Y22, Z22, L1, L2, L3, L4, L5) where

AA = Lumbar link length (= LINKS(1)), (input)

BB = thoracic link length (= LINKS(3)), (input)

ALPHA = angle ¥ 1imit on lumbar joint (=ANGLIM(2,1)), (input)

BETA = angle Q limit on thoracic joint (=ANGLIM(2,3)),
(input)
X0 = x coordinate
. of initial top of the spine position
YO = d t .
yocoorginate (= p(1, 3), I =1, 3), (input)
Z0 = z coordinate
X1 = x coordinate
. of right hand control point
= d .
Tl =y coordinate (= RHTPT(I,JTASK), I= 1, 3), (input)
Z1 = z coordinate
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RHP1 =
RHg2 =
X2 = x
Y2 = ¥y
722 = 2
SIGMAL
SIGMAZ2
X3 = x
Y3 =y
Z3 = 2
IREDEF
X111 = x
Yil = y
211 = gz
X22 = x
Y22 =y
7222 = g

radius from right hand control point to top of
spine with arm in contracted attitude, (input)

radius from right hand control point to top of
spine with arm in extended attitude (straight
arm)

coordinate

coordinate of left hand control point
(= LETPT(I,JTASK), I = 1, 3), (input)

coordinate

radius from left hand control to top of spine,

arm in contracted attitude (input)
= radius from left hand control to top of spine
arm in extended attitude, (input)

coordinate

of feasible top of spine position

coordinate (input)

coordinate

_ {1 Task is feasible
" 12 Task controls have been redefined (output)

coordinate

of redefined right palm position

coordinate (output)

coordinate

coordinate

of redefined left palm position

coordinate (output)

coordinate
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L1

L2
L3
Lk

L5

one-half of the interclaviculer link length
(= LINKS(12)), (input)

clavicular link length (= LINKS(1L4)), (input)

humeral link length (= LINKS(18)), (input)

radial link length (= LINKS(20)), (input)

‘wrist to palm link length (= LINKS(2L) or LINKS(26)),

(input)

This subroutine alrco initializes variables used in

Subroutine MINUM, which it calls repeatedly with each of

the FUNCTIONS FUN1, FUN2, FUN3, FPUNL, FUN5, FUN6, and

FUNT and Subroutine REDEF.
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SUBROUTINE MINUM

This subroutine calculates the minimum value of a function
of N parameters whose values range from 0 to 1, using tech-
niques of random direction gradient direction, average

direction and Jump steps in a user-prescribded mixture.

The calling sequence for this routine is

CALL MINUM (N, PARM, A, FUN, IU, IX, ISTP, IPRINT, JR, JC,

JA, JJ, AA, BB, ALPHA, BETA, X0, YO, Z0, QQ, Y1, 21, RH¢1,

RH@2, X2, Y2, Z2, SIGMAl, SIGMA2, R, RR, DELTA) where

N = number of parameters = 3, (coordinates of top of
spine location), (input)

PARM(I) = array of given starting values for parameters
(mapped to @, 1} coordinate system) and final
vaelues for parameters (dnput/output)

A(I,J) = working storage array dimensioned at least

7 x N, (input)

FUN = name of function to be minimized (i.e., FUNi, i = 1, 7)
(input)
IU = start multiplier for random number generator

subroutine RAND (IU must be odd; IU 37TLE531

currently), (input)

IX fixed multiplier for RAND (currently IX 16777213),

It

(input)
ISTP = total number of steps to be tried (currently

ISTP = 1000), (input)
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reRINT = 11 SRRl P ieey 1th svep (input)

JR = unnormalized frequency of use of random step
(currently JR = 1), (input)

JG = unnormalized frequency of use of gradient step
(currently JG = 20), (input)

JA = unnormalized freguency of use of average step
(currently JA = 1), (input)

JJ = unnormalized freguency of use of Jump step

(currently JJ = 1), (input)
AA = lumbar link length, (input)
BB = thoracic link length, (input)
ALPHA = angle ¥ 1imit on lumbar joint, (input)
BETA = angle ¥ 1imit on thoracic Jjoint, (input)

X0

YOy = coordinates of initial top of spine position, (input)

Z0

QR

Y1 ¢ = coordinates of right hand control point, (input)

Z1

\

RHG1 Radii from right hand control point to tep of
=~ spine, in contracted and extended arm attitudes

RHP2 respectively, (input)

X2

ye = coordinates of left hand control point, (input)
z2
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SIGMAL radii from left hand control point to top of
spine in contracted and extended arm attitudes,
SIGMA2 respectively, (input)
R = minimum distance between top and bottom of spine, (input)
RR = maximum distance between top and bottom of spine,
(input)
DELTA = angle between X-Y plane (horizontal) éand line from

bottom of spine to top of spine with links at

maximum angular deviation (input)
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FUNCTIONS FUNi (i = 1, ---, T)

Funetions FUNl, ---, FUNT7 are used by MINUM and PREANL
to evaluate objective functions with a penalty function
representing constraints. Each is of the form

FUNi = OBJ + (PENALTY) where

(X-%0)2 + (Y-Y0)? + (z-20)° i=1, 2,3
0BJ ={(x5-%)% + (v5-Y)2 + (z5-2)° i= 4
(x-XM)2 + (v-vM)° + (z-zM)° i=5,6,T
&
PENALTY = ;E% C, for all i =1,7

For each i, however, the content of the constraint set
differse ‘.I'IBCJ (j =1, --, Qare the problem constrsaints, as

specified in Section 3,2 of the Math Model Document.

The calling sequence is

V = FUNi (PARAM, AA, BB, ALPHA, BETA, X0, YO, %0, XI, YI,

zI, RH@$1l, RH@¢2, X2, Y2, Z2, SIGMAl, SIGMA2, R, RR, DELTA,

ci, c2, c3, Ck, c5, C6, OBJ, X, Y, Z) where

PARAM = normalized coordinates of a feasible top-of-spine
position, (input)

and variables AA through DELTA are as. described in the

sequences of PREANL and MINUM,'and

Cy» J =1, -=-, 6) are constraint equations evaluated at

coordinates (X, Y, Z), (functions of PARAM), (output)
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OBJ = value of objective function at (X, Y, Z}, (output)

X

coordinates (unnormalized) of top-of-spine
Y 4

(evaluation point), (output)
Z

V = value of FUNi evaluated at PARAM(J), J = 1, 3

SUBROUTINE REDEF

This subroutine redefines the task specified control

points for each hand for an initially infeasible task.

The calling sequence is

CALL REDEF (X1, Y1, 71, X2, Y2, Z2, X3, Y3, 23, X11,
yil, 211, X22, Y22, z22, L1, L2, L3, Lk, L5).

These variables are defined in PREANL and &ll but X1l

through 222 are input variasbles.
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MINUM invokes the use of a system subroutine, called
RAND which generates random numbers for use in the
calculation of steps and search directions in the

optimization technique.

The calling sequence is

CALL RAND (IU, IX, K, N, U) where

IU = variable start multiplier, an odd-number:
22h4 1U 1—225, (input/output)

IX = fixed start multiplier, 2°° 4 TIX £ 222, IX = 8n*3
where 1048537 & n £ 4194307, (input)

K = an indicator specifying normal or uniform distribution
(K =1, XK = 0 respectively) (K = 0 currently),
(input)

N = number of random numbers desired (N = 1 currently),
(input)

U = an array of N uniformly or normally distributed

variables. If uniform, then 0 £U(J) &1,
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Program MAN1
MAN1 is the main program for the motion=-model overlay which generates
step~by-step task motion for a seated human pilot. It requires that the
initial position of BOEMAN-I (with Euler angles) be completely specified,
and the control points to be reached and viewed, along with final hand
orientations, also be given. It calls the subroutines RYTE, TASK, POSE
and LYNX, RYTE through POSE represent utility routines for writing,
position calculation and final step constraints for the hands and eyes
respectively, LINX is the main routine enbodying the optimization proce=-
dure, If at any time during the task an infeasibility condition occurs,
checks for violation of the task defining constraints and body-restriction
constraints are made and violations are written on the intermediate output
file., An infeasibility condition occurs if
(1) The completed number of minimizations to generate a BOEMAN~-I
position for a step exceeds 5
(2) The value of the penalty function exceeds the maximum allow=
able constraint error value EP2=1 inch
(3) The distances between the final hand positions and the hand

control points exceed EP3=1 inch

If the task is feasible, position locations (R) and orientation angles
(ANGLE1l) for each step are written on the intermediate output file, Fur~
thermore, these position locations (RG) are preserved on a binary file for

the interference overlay as it tests for physical interference.
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Subroutine RYTE

RYTE 1lists the input to MAN]1 and writes out BOEMAN-I Joint locations for
each step, control points and constraint violations, preferred angles,
objJective function weights and angular bcunds.

The calling sequence is

CALL RYTE (NCALL)

vhere NCALL = an integer specifying the kind of printout desired by the
calling routines. (input)

i.e., 1 write out input data to MAN1

2 write out reinitializing man message
NCALL = { 3 write out go onto next task message

4 write out position vectors and rotation matrices for
steps between oM gnd next to last step

5 write out position vectors and rotation matrices for
Tinal step

Other input from block common includes

MAN s <= 0 suppress all printout from this routine and return

? > 0 continue as specified by NCALL

MAN is a fimed control parameter, specified by the user at the beginning
of a run.

D162-10127-1
155



Subroutine TASK

TASK specifies "control points"” along the palm joint straight line paths
corresponding to a given step during a task. It also determines the
number of steps comprising & task. In the final position (step), hand
orientation and directional (line of sight) constraints are also sét up.
This routine calls: Subroutine LINE and Rf3.

The calling sequence is:
CALL TASK (NCALL)
vhere

RCALL = as input, & positive integer specifying the
entry for TASK; as output, it specifies
vhether or not optimization is to be called.

Other input from block common includes:

DR = 1.
ISKIP =1 if optimization 1s not to be called for
the first poaition calculation of a task
£ 1 any other integer otherwise

KPOS = the number of the current position in a
task

N = the number of parameters (variasble Euler
angles) in the stick-man for a task.

NSTEPS = as input, the maximum distance to be moved

by either hand from one position to the next,
in integral inches if a positive integer;

if negative, its absolute value is the
reciprocal of the above quantity.

the vector of equality constraints at the

PTI(I)(I=1,12)
beginning of a task.

PIF(I)(I=1,15) the same vector for the end of a task;

L}

elements 13, 14, and 15 are the coordinates
of the eye control point

STEPS = the number of positions for the current
task
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Output varlables from block common include

M
NSTEPS

PT(1)(1=1,15)

the number of equality centraints for a
call to optimization routine LYRX

the number of steps in which the next task
is to be executed.

the array in which the equality constraints
for a call to LYNX are stored.

D162-10127-1
157




Subroutine Ré3

RP3 calculates the three-space rotation matrix given Euler angles
THETA, PHI, PSI. There is an entry point denoted RE3F if the sine
and cosine functions of the Euler angles are specified.

The calling sequences are

CALL R@3(THETA,PHI,PSI,R@T)

where THETA, PHI, PSI are Euler angles (input) and ROT (output) is a
3-space rotation matrix calculated from these angles.

CALL R@3F (THETA,PHI,BSI,ROT)

where
THETA
PHI Dummy veariables
PSI
sin (THETA) sin (PHI) sin(PHI-PSI)
ROT(I,J)=|cos (THETA) cos (PHI) cos (PHI-PSI) (input/output )
0 0 0

as input and is a 3 space rotation matrix calculated from these angle
functions.
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Subroutine LINE,
LINE performs linear interpolation for a line, given its end points as

vectors in Euclidean three space.

The calling sequence is

CALL LINE (P1,P2,P,T,I,N)
where P1 and P2 are points in N-space (input) and P (output) is a point
on the line through Pl and F2, to be found using the information supplied
by I and the scalar T (input).

If T =0, T is used to scale the difference of P2 and Pl and thus
determine P on the straight line joining them,

If T =1,2,3, then a point P on the straight line joining P,P2 is found,

having T as its Ith coordinate,
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Subroutine P@SE

PPSE calculates the position vectors for all of the Joints of BOEMAN-I
given the Buler angles for each Joint. It utilizes subroutine TRANSF

for these calculations.

This routine is similar in intent to subroutine

ANGLET of the INTRAN overlay which calculates the standard starting

position.
The calling sequmnee is

CALL PP6E

Input is transmitted entirely through block common and includes

DR =
IC =
TH(1)(I=1,8) =
IJOIN -
TIA(I)(I=1,10) =

ISPRA(I)(I=1,10) =

TUB =
LIBIN =
N =
NUB =

TRESLT(I)(I=1,36) =

previously defined

the label of eye midpoint of the sticlman
the same for the spine - head system

(see ISPRA)

the label of the top of the spine

the same for the spine - left arm system
(see ISPRA)

the link-connecting point (Jjoint) labels

in the spine and right arm, starting with
the top of the lumbar link and ending with
the tip of the right hand

the number of link - comnecting points (or
joints) in the spine and eigher arm of the
stickman

the number of variable Euler angles in the
spine link - system

number of variable Euler angles

the number of link - connecting point (joints)
in the spine and head system, ineluding eye
midpoint and an extra point one inch beyond
the eye midpoint

the link lengths for the stickman, indexed
by the labels of corresponding link -
connecting points, such as the positive

integer elements of ISPRA.
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X(1)(1=1,N) -

the vector of variable Buler angles
(parameter vector for optimization) that
define a position of the stickman

Output from block common includes

ALEPH(I)(1=1,3)

BETH(X)(I=1,3)

]

BETHN =

BETHRNS =

P(I:J)(I=1:33J=1)36) =

PF(1)(I=t,5,6,10,11,12)

TIP(1,J)(1=1,3;J=1,3)=

TP(I,J)(I‘1:33J=1,3) =

& unit vectar based at the eye midpoint of
the stick-man, showing the direction in |
which the stick-man is actually looking

a unit vector giving the line-of-sight
direction from eye midpoint to the eye
control point in the cockpit

the distance from the eye midpoint to the
eye control point

the square of BETHN

the coordinates of all 36 link - connecting
points and terminal points (e.g., finger-
tips, eye midpoint) on the stickman

two 3-dimensional unit vectors representing
right hand and left hand orientatien,
respectively

the product of the 3-space rotation matrices
T(I,J,K) where I,J, and K vary from 1 to 3,
K increasing from the left in the product
the product of rotation matrices T(I,J,K)
starting with the bottom of spine joint

and proceeding (from left to right) as K
varies over the indices of a sequential
system on the stickman. TIP(I,J) 1s a
special case, the sequential system being
the spine link-cennector whose labels
(indices) are 1,2, and 3.
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SUBROUTINE SPRING

SPRIRG computes the value of the objective fumctiom to be mimimized.
Currently the sum of squares of the differences between the oriemtatiom
angles and the preferred angle values with weight eocefficients eomprise
the objective fumctionm, i.e.,

N

FX = E: G(I) « A(T)

i=1

where G(I) = CONST(I) « A(I)

A(I) = (X(I) - CENST(I+N))

The calling sequence ia:
CALL SPRING(X,FX)
where £(I) (I=1,N) = the curremt value of the parameter vector (1nput)

FX = the objective funmctiom value (output)

Input variables from block common are:
CONST(I) (I=1,2+N) = the comstamts meeded for the objective
function
IPAR(I) (I=1,N) = previously defimed (see TRANSF)

M = see TASK

N = see P@SE

Output variables from block common:
A(D) (I=1,N) = differences betwsem the variasble angles
and its preferred values stored to avoid
repetition for the gradient calculatiom

performed inm SPRINX
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SURROUTINE §IBING- Continued

G(I) (I=1,N) = weighted differences between the variable

angles and its preferred values
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SUBROUTINE SPRINX

SPRINX calculates the Gradiemt of the objective fumctiom (generated by

Subroutime SPRING) with respect to each variable Fuler amgle. i.e.,
GX(I) = 2 « G(I)

The calling msequence is

CALL SPRINX(X,GX)

where X(I) (I=1,N) 1is as defimed for SPRING (imput)
GX(I) (Ix1,N) = the gradiemt value of the objective fumction at

X (output)

Input from block common includes
A(T) (I=1,N) see SPRING
G(I) (I=1,N) see SPRING
IPAR(I) (I=1,N) see TRANSF

N see PZSE

There is mo output through block common.
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SUBROUTINE PEZC

PPC calculates the equality comstraimts (limk comstraints) givea a
BOEMAN-I position at each step and the hand oriemtations to be assumed
at the fimal step. The lime of sight comstraint for the eye is also
calculated for the fimsl step. To accomplish these items, PZC calls
subroutime TRANSF, obtaimimg positiom vectors and PT derivatives of

position vectors with respect to the variable angles,

The calling sequence is
CALL Pgc(X,PF)
where X(I) (I=1,N) ia as defimed im SPRING (imput)

PF(I) (I=1,M) = the value of the comstraint vector at X (output)

Input from block common includes

DR =1

IA = the label of the right arm termimal point
IB = the same for the left arm

IC see PESE

IH(I) (I=1,8) see PESE

IJZIN see PPSE

1JP1 = IJPIN+1

ILA see P@SE

ISPRA see PZSE

IUB see PZSE

KCALL = information from RAKE, which handles all fumction

calls to LYNX, tellimg PZC whether or mot to call for

derivatives for the gradiemt calculatiom im PZCX.
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SUBROUTINE PZC ~ Comtimued

LA = the number of variable Fuler angles in the spine

right arm (ISPRA) system

LAL = LA + 1, the imndex of the first amgle im the

left arm system (ILA(I), I=4,10)

LB =

LIZIN see P@SE
M see TASK
N see PZSE
NUB see PPSE

PT(I) (I=1,15) see TASK

TRNSLT(I) (I=1,36)see TRANSF

Output from block commor imcludes

ALEPH(I) (I=1,3) see PPSE
BETH(I) (I=1,3) see P@SE
BETHN see PPSE
BETHNS see PYSE

DLEFT(I,J) (I=1,3; J=1, LB-LA)
DRIGHT(I,J) (I=1,3; J=1, LA)

LA + (mumber of amglea im the left arm system)

the DP array for the left arm

the DP array for the right arm

DP(I,J,K) see TRANSF
DTIP(T,J,K) (I=1,3; J=1,3; K=1, LJZIN) see TRANSF
DTP(I,J,K) (Ia1,3; J=1,3; K=1,42) see TRANSF
P(1,J) (I=1,3; J=1,36) see PZSE
TIP(I,J) (I=1,3; J=1,3) see PPSE
T™P(I,J) (I=2,3; J=1,3) see PUSE
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SUBROUTINE PZCX

P#CX calculates the gradiemt matrix (PX) of the comstraimt vector (PF),
using the first derivatives (DP) of the positiom vector (P) obtaimed

by subroutine P@C, This routime calls mo other subroutines.

The calling sequence is
CALL POCX (X,PX)
where X(I) (I=1,N) is as defimed im SPRING (input)
PX(1,J) (I=1,N; J=1,M) = the current value of the Jacobiam
matrix of the vector fumctiom PF

at X (output)

Input from block common includes

ALEPH(I) (I=1,3) see PZSE
BETH(I) (I=1,3) see PPSE
BETHN see PPSE

BETHNS see PZSE
DLEFT(I,J) (I=1,3; J = 1, LB-LA) see PZC
DRIGHT(I,J) (I=1,3; J=1,LA) see PFC

DP(I,J,K) (I=1,3; J=1, 42 K=1,35) see TRANSF

IA see PC
IB see PZC
IC see PZSE
LA see PAC
LAL see PZC
LB see PIC
LBL see PZC
LIZIN see PZSE
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SUBROUTINE P#CX - Comtimued

M see TASK

N see PZSE

There is mo output through block commonm.
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SUBROUTINE TRANSF

TRANSF calculates joimt locatioms and/or their first derivatives with

respect to the varisble Euler angles. They are gemerated for a sequential

array of poimnts connected by limks., The Euler angles, together with
arrays defiming the structure of the link system are imput. TRANSF

calls subroutines AFF, DTPF and R@T3 for its calculationm.

This routime is also present in the INTRAN overlay, where calculationm
of joint locatioms is described without derivative calculatioas.

(IDER = 0)

To calculate joimt locations and their first derivatives requires that

the variable IDER be set to 1.

The calling sequence is
CALL TRANSF(V,IT,LB,LUB,K,L,MNA,MNP,LJ@IN,JABZS, IDER)

where V(I) (I=1,N) ; the variable Euler angles, from the bottom-
of-spime joint to terminal joint, for the
spine-right arm system (ISPRA), plus the
angles for the other sequential systems,
each set of angles beginning with the top
of spine and proceeding to the termimal
joinrt for that system., At present, the
systems appear in the order ISPRA, ILA, IH
(input)

IT(I) (I=LB,LUB) = ome of ISPRA, ILA, or IH, giving the indices

K for the limk-comnectors P(I,K) and rotatiom

matrices T(I,J,K) of a sequential system
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SUBROUTINE TRANSF - Comtimued

LB

LUB

MNA

MNP

LIZIN

JABZS

on the stickman. LB defines the location im
the IT (e.g., ILA) array at which the system
for this call to TRANSF joins on to the body
(e.g., where the left arm joins the top of
the spine), and LUB defines the end of the
system (e.g., tip of left hand)

defined above (input)

defined above (imput)

the current value of the index of the arrays

SCPN amd CCON (see below) (input/output)

the current value of the imdex of V (input/output)

dimensioning information for calls to utility
routines used by TRANSF. e.g., DTP should
be dimensioned DTP (3,3,MNA). (imput)

the same information for the dimension
P(3,MNP) (imput)

the mumber of variable angles V(I) at which
the system IT joims other systems, counting
from the origin of all systems on the stickman
(e.g., see definition in P@SE writeupj (inmput)
the imndex (label) of the link-connector
P(I,JABZS) (I=1,3) in the IT system that

joins to the bottom of the =spine; in systems

ISPRA,ILA, and IH, JABZS = 1. (input)
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SUBROUTINE TRANSF - Contimued

IDER

= 1 if derivatives with respect to Euler angles
of the points P(I,K) in the IT system are
desired; IDFR = O 1f omly the coordimates

of the points themselves are wanted. (input)

Imput from block common includes

cean(I)

DTIP(I,J,K)

10(1)

IPAR(I)

SC@N(I)

TIP(I,J)

TRNSLT(T)

the cosimes of the constant Euler angles in
variable transformatioms T(I,J,...), corresponding
to movable link-connectors (joints). I ranges
from the input value of K to the output value
during a call to TRANSF.

the derivatives with respect to the variable
Euler angles V(K) of the array TIP(I,J),
defined in the P@SE writeup

the value of the index of the array IT , which
gives the index of the tramsformation T(J,K,IT)
for which V(I) is a variable Euler angle

1 if V(I) is the Euler angle ©

n

2 if V(I) is the Tuler angle

3 if V(I) is the Euler angle Yl

in transformatiom T(J,K,IT(IQ(I)))

the sines correspomdirg to the cosines in
CCEN(T)

defined in P@SE writeup

the link lengths of the links in the stickman
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SUBRCUTINE TRANSF - Continued

Output from block common includes
DP(I,J,K) (I=1,3; J=1,42; K=1,36)
= the derivatives with respect to variable Euler
angles V(J) of link-connecting points P(I,K)
pT(I,J,K) (I=1,3; J=1,9; K=1,36)
= the derivatives with respect to the variable
Fuler angles in tramsformation T(I,J,K) (where
J=1,3) of T(I,J,K)
DTP(I,J,K) (I=1,3; J=1,3; K=1,42)
= the derivatives with respect to Euler angles V(K)
of TP(I,J), which is defined in the P@SE writeup
F(1,J) (I=1,2; J=1,3)
= the sines and cosines of all Euler angles for a
transformation T or its derivative DT ; F
is used to transfer these fumctions to R@T3 ,
which calculates T and/or DT
JDER = the variable specifying whether T or ome of
the three derivatives DT is to be calculated
in RFT3 . If JDER = 4, T is calculated.
JDFR = 1,2,3 means calculate the derivative of
T with respect to @, LP, or "y.
T(1,J,K) (I=1,3; J=1,3; K=1,36)
= the 3X3 rotation matrix for the rotation needed
to transform for the local coordinate system
aligned with link K-1 to that aligned with link K.
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SUBROUTINE TRANSF - Contimued

P(I,7) (I=1,33 J=1,36)

TP(1,J) (I=1,3;

= the coordinates of the link-connectors J ,
some of which are movable (i.e., are joints),
all expressed in the cockpit reference system
based at the bottom of the stickman spine.

J=1,3)

= defined in PZSE writeup
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SURRQULINE ALK

AFF generates a rotation and translation of a point (position vector)
in three-space and calculates the first derivatives of the point with

respect to the variable Fuler angles.

AFF appears and is described in the INTRAN overlay.
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SUERQUIINE DILE

DTPF computes the first derivative with respect to Euler angles of a
product of rotation matrices based on the Euler angles, It calls
Subroutine MAB to generate the necessary products.

DTPF appears and is described in the INTRAN overlay,
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SUEROUTINE RGT3

RPT3 calculates the 3-space rotation matrices and their first derivatives
with respect to their corresponding Euler angles.

RPT3 appears and is described in the INTRAN overlay.
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SUBROUTINE LYNX

LYNX embodies optimization procedure and mimimizes a non-linear objective
function of N variablessubject to mom-limear equality constraimts. It
uses the Davidom variable metric method (where H is the variable metric
matrix). This method initially established a search direction alomg

the line of steepest descent and a relative minimum is bracketed im an
interval (X(I),X(I)+ETAS(I)). If the objective fumctiom value is still
decreasing on the interval, then the interval is too asmall and a larger
imterval is chosen. Onmnce a good imterval is established, the location

of the minimum is estimated om that imterval usimg cubic interpolation.

If this is not sufficiert to locate the mimimum, an estimate is made using
the golden mectior technique. Omce & relative mimimum is established, the
H matrix is modified and the mext search direction is specified om the
basis of H anmd the procedure is repeated. The procedure atops whea the

absolute distamnce from the minimum does mot exceed ERR.

At this point, a new objective function based on an increased penalty
function term embodyimg the constraints is set up and the optimization
procedure is tried agaian, When the compoments of the constraiat vector
do mot exceed the comstraint error ERC, the algorithm is completed and
variable oriemtatiom angles for a single step have been generated.

This subroutine calls subroutines CTURP, FTERP, RAKE, PENLTY, REPICE,

HBAD, MAB, and TRAC.

The calling sequence is
CALL LYNX(FUN,D%R,PENF,PENFX)

where FUN = the formal name of the objective fumction to be
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SUBRCUTINE LYNX - Comtinued

PENFX

minimized (imput)

the gradiemt of FUN with respect to the optimiza-
tion parameters (input)

the vector furnction that calculates the vector

]

of equality constraints (input)

the gradieamt of PENF (imput)

These parameters must be declared with am EXTERNAL astatement im any

routime which calls LYNX,

Input from block common imncludes

IP

ERC

ERR

LM

= the output optiom for the amount of information
to be printed out by the output routime TRAC

the allowed error in satiasfyimg each equality

it

constraint for a call to LYNX

= the allowed error in approachimg the constrained
minimum of the objective fumction during a
Davidon minimizatiom

= the upper boumd on the nmumber of Davidon
minimizations during a call to LYNX., If the
optimization procedure has mot comverged by the
time the mumber of mimimizatioms (KKZUNT)
reaches IM, LYNX is forced to return with the

current sapproximation to the sclutiom.

= defined im Subroutine TASK

= defined in Subroutine PZSE
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SUBROUTINE LYNX - Comtimued

SCALE

x(1) (1=1,8

the mumber by which the pemalty coefficient

PK i{s to be multiplied between Davidona
minimizations.

defimed in the P@ZSE writeup; as output, X is the
solution vector of variable Euler angles for a

stickman positiom

Output from block common includes

FX

GX(1) (I=1,N)

KKZUNT

K@UNT

PF(T) (I=1,M)

PK

PXN

1]

the objective fumction value at the time LYNX
returas to the callimg program

the gradient at returm

the mumber of Davidom mimimizatioms completed
during optimizatiom

the number of iterations performed during the
final Davidon minimization in the optimization
procedure

the final value of the constraint vector, with

M equality comstraints

the penalty function coefficient; PK is multiplied
by SCALE every mimimization

the final value of the pemalty fumction, including

the factor PK .
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SUBROUTINE CTERP

CTERP performs the one-dimensional minimization of a fumction of many
variables using the method of cubic interpolation to estimate the
location of a relative minimum on an imterval. CTERP calls subroutine

RAKE to check the objective fumction value at the estimated locatiom.

The callimg sequenmce is
CALL CTERP(FUN,DER,PENF,PENFX)
where TFUN, DER PENF, and PENFX are externals which have been previously

defined.

Input from block common imcludes

ETA = the estimated scale factor for the search vector
S 3 i.e., the search interval for a Davidon
iteration lies between the startimg poiat X
and the point V = X 4+ ETA *+ S

FX = defined previously

FY = the value of the objective function at
V=X4+ETA « 8

GSX = the one-dimemsional derivative of the objective
function im the direction of =mearch, evaluated
at X . GSX = -(GX-TRANSPOSE) « H « GX

where H = Davidon search matrix

GSY = the same derivative evaluated at V = X + ETA « S
N = previously defined in Subroutine TASK
S(I) (I=1,N) = the Davidon search vector for an iteration .
S = ={H « aGX)
X(I) (I=1,N) = defined previously
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SUBROUTINE CTERP - Comtinued

Cutput from block common tancludes

ALPHA

Fv

FZ

GV(I) (I=1,N)

P(1) (I=1,M)

PEN
PV(I,J)
(I:l,N; J:l,M)

S16(1) (I=1,N)

V(I) (I=1,N)

the scale factor for the dowmhill step vector SIG
the value of the objective fun¢tion a4t the
interpolated minimum V

the same quantity, im amother storage locatioa
the gradient of the objective fumction at the
interpolated mimimum V

the comnstraint vector at V

the pemalty fumction at V, imcluding the pemalty
coefficient PK

the Jacobian of the constraint vector at V

ALPHA « S(I) , the step to the imterpolated
minimum

X(I) + SIG(I) , the imterpolated mimimum
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SUBROUTINE FTERP

FTERP performs a one-dimensional mimimization of a function of many
variables using the Golden Section Technique to bracket a mimimum on

a given interval, It returns the interpolated minimum in the interval
(X, X + ETA *+ S) . FTERP is called omly if CTERP fails to estimate the
relative minimum as it is the slower of the two routines. FTERP
repeatedly calls subroutine RAKE to determime the objective fumction

value at a given location.

The calling sequence is
CALI. FTERP(FUN,DER,PENF,PENFX)
where FUN, DER, PENF, and PENFX have been defined previously (see

CTERP).

Imput from block commom includes

FPl = PE2 = the convergemnce 1limit for the algorithm
ETA previously defined

FX previously defined

rY previously defined

GSX previously definmed

GSY previously defined

N previously defined

R = the Fibomacci ratio to the desired decimal

plac.' .618 L ] L]
S(I) (I=1,N) previously defined

X(1) (I=1,N) previously defimed
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SUBROUTINE FTERP - Coatimued

Output from block commomr ingludes

ALPHA

FV

FZ

Gv(I) (I=1,N)

KILL

P(1) (I=1,N)

PEN

#

previously defimed

previously defined

previously defimed

previously defimed

the number of iteretioms of the golden msection
procedure; 5 g KILL & 50

previously defimed

previously definmed

PV(I,J) (I=1,N; J=1,M) previously defined

S1G(I) (I=1,N)

V(1) (I=1,N)

previously defined

previously defimed
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SUBROUTINE RAKE

This subroutine is used to supply all values of the objective function
and penalty function (amd comstraint vector) given the values of the
variable angles X . It also gemerates gradient:values for the objective
function and pemalty fumction., The subroutine is set up to allow for
function calculation using the variable mames of the calling rﬁutine.

Subroutines called are FUN, DER, PENF, PENFX, and PENLTY,

The callimg sequence is
CALL RAKE(FUN,DER,PENF,PENFX,NCALL)
where RUN, DER, PENF, amd PENFX have beer defined (see GTERP) and
NCALL = the entry point for RAKE. If = 1, this is the first

call for functiom values im an optimization, and so
the initial values of FX and PXN are found and the
corresponding scale factors FSC and PK are calculgted
so that FX = PXN = 10., as loag as FX =1, e¢r
PXN =1, FSC remains uanchanged thereafter, and PK

is multiplied by SCALE after each mimimization.

Input from block commor includes

FX = as iaput, the objective function value to be
modified for the begimnimg of the mext minimizatiom
to take into accoumt the change in PK (the
total FX value = (unmodified objective fumction
FX) + FSC + PK » PXN)

GX(I) (I=1,N) = the same quamtity for the gradient

PK previously defined

D162-101271
184



SUBROUTINE RAKE -~ Comtinued

PK2
PXN

PXNX

V(1) (I=1,N)
X(1) (I=1,N)

XI1(1) (I=1,N)

XII(1) (I=1,N)

5 * PK , used to calculate FI amd FII

the imput quamtity correspondiag to FX above
thc.input quantity corresponding to FX above
previously defined

previously defined

a point at which the objective function is
evalusted during Fibonacci (golden sectiom) search
a point at which the objective function is

evaluated durimg Pibonacci (goldem section) search

Output from block common includes

FI

FII

GV

GX

PEN

PENX

PF

PK

PV

PX

PXN

PXNX

objective fumctiom value at XI
objective functiom value at XII
previously defined

previously defined

previously defined

previously defined

previously defined

previously defined

the gradient of PEN

previously defined

previously defined

previously defined

previously defined

previously defined

the grzdient of PXN
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SUBROUTINE RAKE = Continued

VLAMBD(I) (I=1,M) . =

XLAMEIXT) (I=1,M)

PK « P(I)

PK + PF(¥), sheuld approach the Lagrange
multiplier vector for a problem with
equaltiy constraints PF(I) but no

imequality constraints.
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SUBROUTINE PENLTY

PENLTY calculates the pemalty fumctiom value based on the comstraint

vector. It calls mo subroutines.

The calling sequence is

CALL PENLTY(PF,PX,XLAMBD,PXN,FX,PXNX,GX,PK)
where the parameters im the list correspomd to definitions given
previously. For some calls to PENLTY, the actual parameters may be

P, PV, VLAMBD, PEN, FV, PENX, GV, ard PK .

PF, PX, PK, and the unconstrained objective fumction and gradient FX
and GX are imput. FX and GX are output as (imput FX) + PXN and

(imput GX) + PXNX, respectively, alomg with XLAMBD, PXN, and PXNX .
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SUBRCUTINE REPICE

REPICE stores a set of variables evaluated at the imitial poimt of a
search interval im the storage locatioms corresponding to the emd point
of the interval. It also performs the reverse of this procedure. It

calls mo subroutines.

The calling sequence is

CALL REPICE(NCALL)
where NCALL = 1 (imput) meams replace all variables from list 1 by
those on list 2 and NCALL = 2 means replace all variables from list 2
by those om list 1 ., All quamtities are imput/eutput through labelled
COMMOR .

List 1: FX, PXN, X, GX, PXNX, PX, PF

Iist 2: FV, PEN, V, GV, PENX, PV, P
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SUBROUTINE HBAD

HBAD modifies the Davidor variable metriec matrix H for reintisalization
for the mext mimimization and may restore H to positive defimiteness
by zeroing off-diagonal elements and replacing diagonal elements.by
their absolute value. A positive definite matrix H satisfies

XTHX >0 for all mon zero vectors X,

The calling sequence is
CALL HBAD(NCALL)
where NCALL = the entry for HBAD; specifyimg the array im which H
is to be corrected, Presently, NCALL = 3 is used

exclusively; here, H is set to the identity.

Input from block common imcludes
GSX previodsly: definmed
H(1,J) (I=1,N; J=1,N) previously defined
N previously defimed
YHDEN = & quantity used to store informatiom about
the search directiom at time of call to

HBAD; mot used at preseat

Output from block common imcludes

N(I,J) (I=1,N; J=1,N) previously defimed
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SUBROUTINE MAB

MAB performs the matrix multiplication AB of two matrices A amd B .
It has two ertry points MATB amd MABT whieh calculate ATB and ABT
respectively. (T denotes the tramspose operation on a matrix). MAB

is also utilized im the Imtram overlay.

The callirg sequences are

CALL MAB(A,B,C,L,M,N,NRA,NRB,NRC)
or

CALL MATB(...)
or

CALL MABT(...)
where A(I,J) , B(I,J) (imput) are arrays from which matrices are to be
multiplied amd C(I,J) (output) is the array im which the result is to
be stored. A, B, and C have row dimemsions NRS, NRB, and NRC, (input)
respectively, and must be so dimemsiomed im the calling program. L,
M, and N are the input dimensioms of the matrices to be multiplied;
the rule is that am LXM metrix times amd MXN matrix yields am LXN
matrix, regardless of whether these matrices are A or A- transpose
or B or B- tranapose. However, NRA and NRB are the true

row-dimensions of the arrays A amrd B , respectively.
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SUBROUTINE TRAC

TRAC provides optiomal output bamed om calculatioms made.in Subroutine

LYNX. This output provides imformatiom regardimg the progress of the

optimization procedure durimg the search for & constrained mimimum

of the objective function.

The output optiom is depemdent om the value of IP which is user specified.

IP

o

1

(o< BN |

¥

no output

write X, FX at every iteration

in additiom, write ome dimensional minimization data
write X, FX, PXN, PF

in addition, write GX, PXNX and one dimensional
minimization data

in addition, write H at every iteratiom

write X, FX, and H at every iteration

write H at every iteration

write X, FX every iteration and attempted refinement
data if successful

in additiom, write PF, PXN every iteratiom

One dimensional mimimization data imcludes the emdpoint

V =

FY

GSX,

X + ETA « S of the search intervai
FV objective function value

GSV  ome dimensional derivatives at X and V and the cosines

of the angles between gradients GV, GX and the search

vector S
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SUBROUTINE TRAC ~ Comtimued

The calling sequence is
.CALL TRAC(NCALL)
where NCALL = the output mode parameter for TRAC. TRAC will output
most of the quartities im block commonr, hence 21l block

commor corresponding to LYNX should be in TRAC,
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PROGRAM INTERF

The purpose of INTERF is to detect and correct for visual inter=-
ference between BOEMAN-I and his surrounding environment, In
addition, physical interference between BOEMAN-I and the seatback
is detectable. The detection process consists of finding intersec~-
tions of line segments and bounded cockpit planes. For visual
interference, the line segment used is that between the eye
midpoint and the task defined eye aiming point; for physical
interference, each link of BOEMAN-I plays the line segment role,
On the other hand, all cockpit planes are tested in wvisual
interference whereas only the seatback planes are considered

for physical interference.

Correcting for visual interference consists of redefining the
line of sight (with the eye aiming point fixed) so that it and
the offending plane no longer intersect. If the correction
procedure is not successful, the task is deemed infeasible,
Visual interference is tested at the end of each task; physical
interference with the seatback is tested at each step of the
task., A discussion of the mathematical procedures used for the
interference analysis appears in Section 3.4t of the Mathe~
matical Model Document (D6=53620~2),

D162-10127-1
193




The entire interference procedure is embodied in PROGRAM
INTERF and subroutines called are only for subsidiary
calculations. INTERF is only called if the task is
feasible.

Input variables set in pfevious overlays and transmitted

through block €ommon and stored in local variables include:

NPL = number of cockpit planes (NPLANE)

NVERT(I) = number of vertices of plane I, (N)

PPT(I,J,K) = coordinates I of plane K at vertex J,
(BOUND(I,J)) K = 1, NPLANE

®ETPT(I,J) = coordinates of eye aiming point (task defined)
(EFP(1)) 1=1,3

RF(I,7) = eye midpoint (x, y, z) coordinates (EMP(I))
I =1, 3

SBWITCH = control indicator for whether visual interference
or physical interference is to be checked

- {O check visual interference
1 check physical interference only

*RG(I,J,K) = intermediate joint locations during the task
(SLINK(I,J)) I = 1, 33 J = 1, 26; {number of
movable Joints) K = position number

NSTEP = total number of steps in the task, (ISTEP)

“pPT(I,J,K), K = 29, 30, seat back planes, (SBOUND(I,J))

K =29, 30

*  Output from program to intermediate output tave
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*1voc(I,J) = 1link name I m 1, 33 J = 1, NL (Number of links)
*PDES(T,J) = name of cockpit plane I = 1, 4; J = 1, NPL

{Number of planes)

Thosé quantities calculatéd during the interference
analysis or used as output are:
(visual interference)
CENT(I) = centroid of plane X, I = 1, 3
LIGHT(I) = indicator of relationship between plane I and
line of sight
-1 4intergection point is not on line of sight
0 set upon entryto program
1l 1line of sight embedded in plane I
2 1line of sight parallel to plane I

LIGHT(I) = 3 1line of sight intersects plane I outside
bounded region

4L 1ine of sight intersects plane I inside
bounded region

5 1line of sight intersects plane I at
eye aiming point

*SOLUT(I,J) = intersection point coordinates for plane J
(I =1, 3)

NV(I) = number of vertices of plane K, K = 1, NPLANE

K7 = number of cockpit plane intersections at the end of
a task

LOSMP(I) = midpoint of line of sight (I = 1, 3)

¥ Output from program to intermediate output tape.
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BBOUND(I,J,K) = storage array for planes K for which
interference has occurred, I =1, 3, J = 1,
number of vertices (NV(K))

*¥Q(T) = coordinates of point on redefined line of sight

(Physical interference)
CEN(I) = centroid of seatback plane K (I = 1, 3), K =
IGHT(I) = indicator of relationship between link K and
seatback plane
0 upon entry

6 1link I intersects seatback plane outside
plane boundary

7T 1link I intersects seatback plane inside
plane boundary

n
[0 e}

link I intersects seatback plane at link
end point

IGHT(I)

9 intersection point is beyond 1link I

11 1link I imbedded in seatback plane

12 1link I parallel to seatback plane
#N8 = link number for seatback interference
*50L(I,J) = intersection point between link J and

seatback plane (I = 1, 3)

#  Output from program to intermediate output tape
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SUBROUTINE INSECT

The purpose of subroutine INSECT is to discovér if there
is an intersection between the plane boundary line (an
edge) and the centroid-intersection point line (lack of
such an intersection implies the point of intersection is

inside the bounded plane).

The calling sequence of INSECT is

CALL INSECT (s1, &2, s3, C, Bll, Bl2, Bl3, B2l, B22, B23,

IND) where
Sl
are coordinates point of intersection (SOL(I,J)
52 =
or SOLUT(I,J), I = 1, 3; J fixed)
s3
C = an array f dimension 3) storing the centroid
coordinates
B1l1l
_ coordinates of a plane vertex (BOUND(I,J),
Bi2 -
SBOUND(I,J), I =1, 3; J fixed)
B13
B21
coordinates of the adjacent plane vertex
B22 =
(BounD(I,J + 1), SBOUND(I,J + 1), I = 1, 3, J fixed)
B23
IND =

{0 no intersection

1l intersection has occurred between the two lines

All variables except IND are input to the subroutine.
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U UTINE DE" = L

The

purpose of DETi (i = 2, 3, 4) is to calculate the

value of a determinant of order 1, The method used is

the

repeated application of Laplace expansion. The

general calling sequence for DETI (i =2, 3, L) is

CALL DETi (A3k, F) where J =1, i¢ k =1, i; 1 =2, 3, k

and

AJk

F =

k varies most often, and

= element in jth row and kth column of determinant of
order i, (input)

value of determinant of order i
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B GRAN QUMM
Program SUMM is called by the main overlay of the
computer program for each task performed, that task

is feasible. The following quantities are calculated:

1. TD Linear displacement of each Joint per task
2. TMD Linear displacement of each mass centroid
3. CITD Cumulative summation of linear displacement

for each Joint
L. CTMD Cumulative summation of mass centroid
displacement for each link
5. WORK Work for each 1link per task
6. CWORK Cumulative summation of work for each link
T. ©SMASS Total mass of man
8. SCTD Total joint displacement for task
9. BSWORK Total work of all link per task
10. DJA PSI deflection (twist) per link per task
11, CDJA Cumulative summation of PSI deflection for
each link
12. DHD Head Deflection
13. DI Eye Deflection
1k, CDHD Cumulative summation of head deflection

15. ¢CDI Cumulative summation of eye deflection
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The program accepts input through labeled common from
other overlays. The necessary input includes initlal

and final positions of all Joints, the per cent of the
link length for centroid location, parameters defining
1ink structure of man-model, mass values for each link,
and Euler angles for each link. The output is written
onto the intermediate output file for later processing in

the output overlay.
The subroutine called by SUMM is Subroutine CMIZC

Input to SUMM via block common includes
ANGLEl - initial Euler angle array

ANGLE2 - terminal Euler angle array

R - array of initial Joint locations
RF - array of terminal joint locations
MASS - array of masses for each link

LINKS - array of link lengths
CPCT ~ array of percentages of link length for centroid

location
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SUBROUTINE CMI&C
CMIZC calculates the initial and final mass centroid location
given initial and final joint locations and the location of the

centroid relative to the proximal end of the link.

The calling sequence for CMLZC is

CALL cMigC (R, RF, J, JM1, CECT, II, CL@#C, CLCF)

DIMENSION R(3, NL), RF(3, NL), CRCT(NL), CLOC(3, NL),

CL#CF(3, NL) where

R = array of initial joint locations, (input)

RF = array of final joint locations, (input)

J = particular link number (joint number. top of link), (input)

JMl - previous joint number for particular link

CPCT = array of percentages referencing length along link
where mass centroid is located, (input)

IT - index to determine particular link, (input)

CL#C - initial mass centroid leecation, (output)

CI4CF ~ final mass centroid location, (output)
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PROGRAM GUTGYH

gUTGP is the output overlay. It accepts the intermediate
output file written by previous overlays and a separate
binary file which stores intermediate position and
oriéntation date written by the MAN1l overlay. The output
is in tabular form and covers three broad areas: input
data, task processing information and summation. The
tables which are largely self-explanatory, provide a history
of BOEMAN-I's performance and are arranged by task. The
summation area is given for each computed (feasible) task
and provides cumulative totals from the w®starting position.
For feasible tasks, BOEMAN-T's initial and final position
are printed., If the task is infeasible, all intermediate

positions are printed, up to the point of infeasibility.

All output is written onto the output file as well as a

backup tape which stores duplicate printer information.

This backup tape is used for chart and greph information
as well as for duplication copies of the printout, if

necessary.

Control parameters of the form KTi (i = 1, ---, 20)
are used to provide various output options for the user
which may abbreviate the total number of output pages or

tables.
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The program is self-contained and calls no subroutines.

Input variables to FUTGP transmitted via Block €ommon

include:

KTi, i = 1, 20 control parameters referencing printout
options

NCC = number of control codes

NPL = number of cockpit planes

NVERT(I) = number of vertices of the I'H cockpit plane

All other input veriebles are read from the intermediate
output tape and the MAN1 output tape. This overlay is
called after all tasks have been processed and all

of the input variables are written on the printer and backup

tape.

D162-10127-1
203




Appendix VII

Velidation Program and
Subroutine Descriptions
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Program SVdMW

This program accepts joint location data ("N" coordinates) of humans
at midpath during a task. Each task is repeated "NR" times and an
average location results. This is then compared with the same

sized BOEMAN-I for the same task at its corresponding midpath
location. In each case, the joint coordinates are determined using
a cutting plane through the path.

An P-statlistic 1s used to test the hypothesls that there is no
slgnificant difference beitween the paths of motion of BOEMAN-I
and humans in performance of the task (i.e they belong to the

same population). Using the formula for the F-value

N -1
p = MB¥NR-N) 3° (M(1) - sxM(1))e [cﬁv[X]]
N #(NR-1) I=1 1J
J=1

where

[c¢v[x] ]U - 2 [(x(x,x) - m(x))*(x(a,x)-m(J))J

IxJ)

for all I=1,N, J=1'N’ K=l’m
And the degrees of freedom are given as
M = NR-N and N

Figure 11 contains a general flow diagram of Program SV@MM.
Input for the program includes

CHDE = a control to allow for sequential processing
=HYPP (= PREBIM  process following data

3;4 PRABIM  stop
PN = descriptive title of datae set
N = number of joint coordinates being compared
NR = number of repetitions of the path
MX

= maximum order of covariance matrix
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PROGRAM
SYOMM

-

WRITE
INVERSE
MATRIX

CARD

COMPUTE F-VALUE
& DEGREES OF
FREEDOM

HAS
EOF BEEN
READ?

CODE # PROB

A 4
WRITE

READ

WRITE

AND WRITE PROBLEM F VALUE AND
FNEPF;.JL'rICAT ED CARD DEGREES OF
DATA CODE FREEDOM

READ AND
WRITE

BOEMAN-I
DATA

CALL COVA

WRITE
COVARIANCE
MATRIX

CALCULATE
COVARIANCE
MATRIX

— —— —

CALCULATE
CALL MAT INV)— —— —( INVERSE
: MATRIX

WRITE
ERROR
MESSAGE

Figure 12. Program SVOMM—Flow Diagram
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INP %= output control to print out input date
1l printout data; # 1 suppress data printout

]

M = <format statement number allowing for input of dsta
of various aceuracies
X(I,J) = replicated joint location data (one coordinate only)
1=1, N, J=1, NR
SXM(I) = BOEMAN-I joint location data (one coordinate only)

=1, N

Output data includes

PN = problem description
X(I,J) = replicated Joint location data (one coordinate only)
J=1,N J=1, NR
SXM(I) = BOEMAN-I joint location date (one coordinate only)
I=1, N
A(1,J) = covariance matrix of replicated data I,J=1,N
A1(1,J) = inverse of covariance matrix I,J=1, N
FV = F value (computed)
N = number of joint coordinates being compared;(degree of
freedom)
M = difference between number of replicationsand

number of compared coordinates

A check is made to insure that camputation of the inverse matrix
does not yield singularity.
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Subroutine C¢VAR

The purpose of C¢VAR is to calculate a covariance matrix using the

input data of replicated joint locations for each path or task.
The matrix is calculaeted using

where

NR
(1) =Y x(I,7)/mR

J=
RNN = 1
(NR-1)
NR
SA(I,J) = RNW*Y . (X(I,K)-XM(I))*(x(J,K)-XM(J)); I,J=1,N
K=1

XM is the input data means; RNN is the reciprocal of the

number of replications minus one; and SA 1s the covarlance matrix.

The calling sequence for CPVAR is

where

CALL C@VAR(NR,NT,X,XM,SA)

NR = number of repetitions of path (input)

NT = number of Jjoint coordinates being compared
(input)

x(1,3) = array storing replicated Jjoint locations
(one coordinate only) (input)
I=1,FR J=1,NR

XM(T) = meens of y array I=1,Nf (output)

SA(I,J) = covariance array I,J=1,NT (output)
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This subroutine finds the inverse of a non-singular NXN matrix. The
method uses the Gaussian elimination technique with pivoting of the
diagonal elements on both the original matrix and the identity matrix,
A check for singularity is also performed.

The calling sequence for MATINV is

CALL MATINV (SA,AI,N,NR,M)

where
- 8A(1,J) = matrix to be inwerted (I,J=1,N) (input)

AI(I,J) = inverse matrix (I,J=1,N) (output)
N = number of rows and columns of SA

and AI (input)
NR = maximum number of rows of input

matrix (input)
M = output indicator for singularity

of input matrix

M { = 0 SA is singular (output)
O

SA is non-singular
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Appendix VIII

Multi-mission Simulator Control

Code Definitions
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MULTIMISSION SIMULATOR CONTROL CODE LISTING

(Identifies centroid unless specified otherwise)

PCFWS
FCEPS
FCRT
FCEPT
FCCSC
FCSPS
FCT

FIRPML
FIRPMR
FIPT
FIAT
FIWSFP
FIFT
FIFI
FITSI
FIAAT
FIAAA
FIHUC
FIHUD
FIAI
FIAS
PIMM
FIVSD
FIVSDSS
FIVSDH
FIVSDI
FIVSDC
FIC
FIBA
FIRA
FIMC
FIRC
FIGM
FIRMI
FIHSD(1)
FTIHSD(2)
FTHSDGC
FIKSDCI

Flight Controls (FC)

Flap/Wing sveep control (primary)
Fmergency flap switch

Flectrical control (rudder trim)
Electrical control (emergency pitch trim)
Center stick control

Speed brake switech

Throttles

 Flight Instruments (FI)

Fnrine display (left % RPM)
Fnrine display (right % RPM)
Piteh/trim

Aileron trim

Wing sweep/flap position
Total fuel

Digital fuel (panel centroid)

“Turn and slip indicator

Anrle of attack (tolerance indicator)
Angle of ettack (analor)

Head-Up Display Control (center)
Hesd-Up Display (screen center)
Attitude Indicator

Airspeed

Machmeter

VSD (Vertical Situation Display) centroid
VSD Symbol Selector (upper left corner)
VSD horizon selector (upper right)
VSD intensity/contrast (lower right)
VSD switeh (lower left)

Clock

Rarometric altimeter

Radar Altimeter

Mapgnetic compass

Rate of climdb

G-meter

RMI (Radioc magnetic indicator)

HSD (horizontal situation display)
HSD (extreme bottom point on screen)
HSD (zain/contrast selector)

HSD (chart intensity selector)
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AFCSCP
AFCSSP
AFCSAP
AFCADC

MaFsT
MEFPS
MSICT
MSICE
MATGC
MSTMP
MSFCP
MSCPI
MSLAO
ManP

MEAHC
MSRAT
MSERT
MEMLS
MSAS

DCHSCP
DCMRHAWT
NCMIWI
DCHEDSP

ACAMC
ACATFRL
ACAFFR
ACAL?P
ACALFW
ACAWW
ACALAW

WSATS
WaMP
WSASP
WEMAS
WSaG8H
WaWS
WESPS
WOSPATI
WSEJ
WSLLLTV

Automatic Fligzht Control (AFC)

AFPC System control panel
teerine select panel
Stability augmentation panel

Air data command control panel

Mechanical Systems (MS)

Fnrine start panel

Flec Control panel - external power switch
Lirhts control - internal

Lirhts control - external

Tandin~ mear control

Fuel manamement peanel

Fnvironment control panel

Cebin pressure altitude gene

Liquid Oxyren quantity case

Hydraulic panel {(utility power control)
Arrestine hook control

Kem gir turbine (TAT) handle

Fmer~ency brake indicator

Master lirht switch

Anti-skid

Defense/Countermeasure (DCM)

Defense Swstem Control Peanel

RYAW (Radar Hominr and Werning) operation indicator
Launch Warning Indlcator

Flectronic Defensive Status (EDS) panel

Advisorv end Caution Annunciator (ACA)

Master cantion (reset)
Fneine (1) fire

Fneine (2) fire

Lisht panel (ACA panel)

Low fuel

Wheels

Low altitude warning

Weapon System (W3)

Weapon monitor and select - aim interlock switch
Weapon manarmement panel (centroid)

Attack select penel

Master erm switeh

Gun switch

Weapon status

Special weapon control switch

Special weapon arm indicator

Fmerrgency Jjetiison

LLITV -~ Lagser control panel
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CNIMPS

CNIMSS
CNITS

CRIICSP

CNIRBC
CNIDLR
CNIDIC
CNINMS
CNIL@S
CNIDSS
CNINDP

CNIHTTD

CNIMDS

Communication, Navigation and Identification (CNI)

Integrated CNI Control Panel (master power switch)
Inteprated CNI Control Panel (MIC selector switch)
Integrated CNI Control Panel (transceiver selector)
ICS control panel

Radar beacon control panel

Date link readout

Data link command

Navigation control panel _NAV mode selector
Navisation Control Panel - LORAN Operate Switch
Navigation Control Panel - Destination select switch
Navigation display panel

Headinz and TTD (time to destination) switch

Map and data storage locker

D162-10127-1
213




Appendix IX

FORTRAN IV SUBROUTINE MINUM
(MA-0TT)
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SUBJECT FORTRAN 11, IV Subroutines MINUM

PURPOSE:

The subroutine MINUM determines the minimum value of a function of several para-
meters. This optimization technique is applicable to a more general class of
problems than many of the existing optimization subroutines. The function

(1) may have discontinuities, (2) may have several relative minima and (3) need

not be differentiable.

METHOD:

A complete description of the algorithm for MINUM is given in Ref. l. Only a

brief outline of the computational technique is given here.

The minimum value of a function is determined by evaluating the function for many

values of the parameters (parameters must be in 0-1 interval). The following four

methods are used to change the parameter values.
(1) a gradient step (GR) or a boundary gradient step (3G)

(2) a random direction step (RD). If this step is unsuccessful, a step

in the opposite direction will be taken (ND)

(3) an average direction step (AV). The direction for tnis step is the

average of the directions for the last five successful tries,

(4) a jump step (JS). The values of the parameter are random numbers.
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The step size for steps 1 to 3 is dependent on the number of successes and fail-
ures in previous steps. The relative frequencies for each of these 4 steps is

specified by the user.

DISCUSSION:

Several applications for this subroutine and the construction of the merit

function are discussed in Ref. 1. Some simple examples are presented here.

Example 1 - Step Function

The merit function for this example is the step function given by

F(x;,x2) = S <xp <7

1 otherwvise

This function is illustrated in Fig. 1.

AN f(xl’xZ)

x2

\ 4

x)
FIGURE 1
Merit Function for Ex. 1
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For this example only jump steps were requested. The other 3 types of steps

all require longer computation times and could not be expected to decrease the
number of steps required. The gradient step is the least desirable step for

this type of function. When a gradient step is requested where the function is
constant in the neighﬁorhood of the current position, the function is evaluated
8 (no. of parameters) times, a test is made, the gradient step is abandoned, and

another type of step is tried.

The total number of steps requested for this problem was 200 and the minimum was
found for the first time on step 108. The 200 points, (xi,x2) , where the

function was evaluated by MINUM are shown in Fig. 2.

1.0 e
[ 4 ’
s ‘1' ’ :"' ’ ’ ’ ’
v; ’ ? 0 P P : , : -
F) [
8 L o °*° R T
‘ '
’ *
1 4 . YA ’ ’
» » ,l ’ I
| e o ’ ’ o’
A ’ [ ’ ’ [
x %’ 'Y " ’
2 ™ ¢ ’ ‘0: ¢ 4 s,
b o ’o o !
} ¢ . -
’ o4 ’
’, ’? v, o o o
‘ ’ ' ’ o, 0 ’ ’ =
(] ’ (X4
’ 04 ¥ v ’ o 4
cz ’ 4
L o e l J P) 0 E
[ ] X *
Vg ! e o Y ' o > .
- ' . ‘ F
' ’ l‘ [ :q
’ [ ’ ’ ’ 0 4
0 .L 'l ’ 4 4 4 P "A, " :
-7 T A\ Y L Y T 1 ] 1]
0 .2 .4 .6 .8 1.0
*1
FIGURE 2

Function Evaluation - Ex. 1
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The probability of finding the minimum for this particular function on a single .
step is Pr = (.1)(.2) = ,02 . Thus, in 200 steps the average number of times

the point (x;,x3) will be 15 the minimum region is 4 .

The probability of finding the minimum for this type of function will decrease as
the number of parameters increases. For a function of 10 parameters, where the
sides of the minimum region have length .5 , the probability of finding the
minimum on a single step is (.5)1% = ,001 . Thus, on the average, only one

step in 1000 will fall in the minimum region for this function. This demonstrates
the importance of defining the pataﬁeters 80 only the region of interest is

searched.

Example 2 - Exponential-Cosine Function

The merit function for this example {s
f(r) = Q-Zr cos (6wr)

where the radius r |{s in + xg . This function is illustrated in Fig. 3.
A summary of the printout from MINUM is given in Table 1 for the first 90 steps.
The radii at which the function was evaluated in these 90 steps are indicated in

Fig. 3.
Some of the search characteristics exhibited in Table 1 are typical for MINUM.

(a) The relative frequency of random direction steps will always be
greater than requested (except for the case when the requested fre-
quency is zero). The requested relative frequencies for this example

were 12.5%, 37.5Z, 25%Z and 257 for RD, GR, AV and JS steps
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3

f(r)

-.5

4 A 1 ye [ 1
.5 Radius 1.0
Figure 3

Merit Function - Ex. 2
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Step Step Current Best Step Step Current Best
No. Type F Radius 14 No. Type F Radius F
1 RD -.014 1.090 -.014 46 ND -.458 .116
RD -.063 1.116 -.063 RD =-,410 .112
RD -.097 1.160 -.097 ND .285 .278
RD -.032 1.099 RD .865 .023
5 AV -.032 1.099 50 ND .435 .298
RD .097 1.156 RD -,679 .143
ND .115 1.025 ND -.661 .183
JS -.162 .857 -.162 AV -.562 .198
AV -.177 .808 -,177 GR -.392 .110
10 AV -.119 .782 55 RD -.701 .174
GR .254 .677 ND =,715 . 155
AV -.119 .782 JS .107 . 725
RD -.072 .893 RD -,.578 .196
ND .038 .741 ND -.556 .126
15 RD .066 .940 60 JS .264 .656
ND .249 .680 JS .098 1.036
RD .083 .730 Js -.126 .874
ND -.046 .902 RD -.527 .202
RD .260 .671 ND -,451 .115
20 ND -.167 .854 65 AV -,709 .170
RD -.166 .855 Js .048 1.061
ND -.047 .761 GR -.673 142
RD -.190 .830 -.190 RD -.714 .168
RD ~.166 .855 ND -.697 .148
25 AV -.186 .818 70 JSs -.097 1.158
GR -.124 .784 JS .061 1.302
RD -.181 .812 RD -,719 .157
ND -.172 .851 ND -.720 .159 -,7200
RD -.152 .775 ND -.720 .162 ~-.7204
30 ND -.141 .868 75 ND -.716 .167
RD -.130 .872 RD -.692 . 146
ND -.140 .790 ND -.685 .178
RD -.121 .876 AV  -.700 174
ND -.129 .786 JS .049 .739
35 JS -.719 .157 -.719 80 GR -.693 .146
RD 416 .295 RD -,721 .161 -.7206
ND .533 .050 RD -.720 .161
AV <346 .285 AV -,701 173
JS -.179 . 846 GR -.688 . 145
40 JS .026 414 85 RD -.720 .160
GR .892 .020 ND -.720 .164
JS -.097 1.155 RD -,692 .146
RD .233 .272 ND -,693 .176
ND -.551 .125 JS 131 .719
45 RD .270 276 90 RD -,700 .174
TABLE 1

MINUM Resuits for Exponential Cosine Function
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respectively. The observed frequencies for these 4 types of steps

were 692, 6.52, 92 and 15.52 after 200 steps.

(b) Unless the region of the minimum {s large, the random direction
steps will be more successful than the gradient steps at the begin-
ning of the search. The step length is always the maximum length
at the start of the search and the gradient steps tend to overshoot
the relative minima. When there are many successive unsuccessful
steps, the step length will be decreased and the gradient step will

be more successful.

(¢) During the initial steps the average direction steps are usually
as successful as the random direction steps. The directions for
the last five successful steps are used to determine the direction
for this step and since the successful steps initially occur in
different regions, the average direction is usually not an optimum

direction.

(d) After the initial steps a random direction step (RD) is nearly
always followed by a negative direction step (ND). This in part
accounts for the higher observed relative frequencies for the

random direction step.

For most applications, little will be known about the merit function and thus
it will usually be difficult to determine how to reduce the number of steps
required for finding a minimum. This is not a problem for the cases where the
mwerit function is easily evaluated. However, in the cases where the number

of parameters is large and where the evaluation of the merit function requires
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a long computer time, it is desirable to use MINUM as efficiently as possible.
For these cases only the region of interest for each parameter should be trans-
formed to the 0-1 interval. It will usually be difficult to determine the
relative frequencies for the 4 types of steps which will provide the most
efficient search. However, a careful examination of the step-by-step behavior
of MINUM will in any times provide the information needed to improve the choice

of the relative frequencies,

USAGE: DIMENSION PARM(N) ,A(7*N)

CALL MINUM (N,PARM,A,FUN,IU,IX,ISTP,IPRINT,JR,JG,JA,JT)

INPUTS: N - no. of parameters
PARM(I) - array of starting values for parameters. Must be betqeen
0. and 1. .
A - array for working storage. Must have size at least 7*N.
FUN - name of function to be minimized (requires EXTERNAL card
in calling program.)
IU - start multiplier for random no. generator RAND., IU must
be odd.
IX - fixed multiplier for random no. generator. IX must be =
8n # 3 where n 1is an arbitrary integer and IX should

be near 2**X where X = 17.5 for the 7094 and X = 24 for

the 6600,
ISTP - total no. of steps to be tried
IPRINT - modulus of steps when printing desired. If IPRINT is

negative the history information is suppressed.

JR - unnormalized frequency of use of random steps,.
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J6 - umnormalized frequency of use of gradient steps

JA - unnormalized frequency of use of average steps

JJ -~ unnormalized frequency of use of jump steps

OQUTPUTS:

PARM(1) - the values of the parameters which gave the best minimum

IV - final value of random no. multiplier

PRINTED OUTPUT:

The subroutine MINUM prints intermediate values of the parameters

and the corresponding function value. The initial values are always

printed.

tion.
1)
2)
3)
(4)

Each IPRINT steps MINUM will print the following informa-

No. of steps taken
Current value of best minimum
Values of parameters for best minimum

Current step size.

If the history information has not been suppressed (IPRINT> 0), the

following information is also printed each IPRINT steps.

(1)
(2)
3)
(4)

(5)

(6)

the current parameter values

the current function value

the current type step

the no. of successful and the no. of unsuccessful trials
for each of the 4 types of step

the total successful distance for each the average, random
direction, and gradient steps.

the direction cosines for current step (if not jumpstep)
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After the final step the value of the current best minimum and the

corresponding parameter values are printed.

SUBPROGRAMS :
Subroutine RAND - PS419,PS-419A Function FUN which evaluates

function to be minimized.

ERROR RETURN:

None

RESTRICTIONS:
MINUM may be used for several purposes in one program only if calls
to MINUM are made serially. Nested calls to MINUM (i.e., MINUM
calls FUN which in turn calls MINUM to evaluate function) are not

allowed.

SAMPLE PROBLEM:
The source program and the printout for the circuit design problem
described in Ref. 1 are given here. Two runs were made, each having
different initial values. The 6600 central processor time was 3.1

sec. for each run.
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000043
00004)
000043
000043
000045
000067
000050
000051}
000082
000054
000Nn%S4
000054
000061

000063
000072
00010%
000120
000123
000126
000130
000133
000135
000156
000170
000173
000175
00077
0007201

000203
000210
000210

000210
000210

000234
000235

FORTRAN 1V PROGRAM MIZY(INPUTOUTPUTTAPESSINPUTTAPESSOUTRY)

¢
c
<

MAIN PROGRAM FOR MINUM TEST PROBLEM 2

100

999

DIMENSION X (4)TEMP(28) i

gg:nou HPT Pl TWwOPLsTHETA(]0)

Plal, 1415924536

HPis P1/2,

TwOPle 2,8P1

N= 4

lus3T746831

Ixelar77213

FORMAT (A110)

FORMAT (6F10,0)

REAN(5¢%) NCASF

NO 999 1. )Kuw|,4NCASE

READ(S,5) TPRINT,ISTFPS

READ(Se8)  URW UG JAGJIJ

REANISe10) Al4R)1+A24R2

X(1) & Jo/(1e0A))

X(?2) s ),/7(t1,0R1)

X(3) & 14/(),¢42)

X{4) =& J,/7(1,482)

DMaFSS(X) ) .
WATTE (64903) (THETA(T)elm1010),A)eB],A2,82
CALL MINUM(No Xy TEMPoFSSoTUsIXoISTEPS,IPHRINTJRGJBsIAS IS
NveFSS(X)

Alz 1,/x{)) -},

Ale 1,/7X(2) =1,

A2 1 ,/X(3) =),

A2 J,/%x(4) =1,

WRITE (6¢901) OM

901 FORMAT({IH]+11HRFST MIN u +£20,10)
900 FORMAT (1Hes JOXIAMTHETAS/IH o10F 124/ 1He0]10Xe2MA1 0 18Xe2HB] ¢ 1ANI2MA2

Z+1RAXe2HR2/4E20,7)

903 FORMAT (1M1 ¢10KsAHTHETAS/IN (10F12,4/1Hmo]0Xe2MAY W 18Xs2HA] o1 AN 2HAR

2o 1AX92HR2/74E20,7)

WRITE (60900) (THETA(T)eT®1010)0A1e81.A2¢82
sStopP

EnND
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000417
000417
000417
000420
00042)
00n422
000425%
000431
000434

0004137
00064]
000443
00nsas
00045]
000461}
oonses]
000471}
00047)
000%00
000500
000%0)
000%04
00n%06
000506
000%10
000812
0008516
000522
000%25
000929%
000337
000340

¢
¢
¢

coOMPUTE ALFL(TI) SO THAY RETWEEN o
DO S0 Isle2
TF(DFN(T)) 100201
1 IF(FNM(T)) 20021+2])
2 IF(FNMIT)) 30431932
10 AL (J)mP] ATAN(FNM(])/DENI(T))
GO TO Sn
20 ALF(1)®mTWNPT ¢ ATANCIFNM(T)/DENL]))
60 TN %0
21 ALF(I)® ATAN(FNM(I)/DEN(]))
60 10 5n
30 ALF (]} » TWOPI=HP]
G0 TO S0
3] ALF(1)wo,
GO 10 So
32 ALF (1)enP]
80 CONTINUE
THETA(N)m (ALF (1)eALF(2))02,

100

DIMENSION X(4)oFNM{2)oDENIR)9ALF(2)

FORTRAN IV FUNCTION FSS(X)

COMMON HPI,PlyTWOPTIsTHETALYO)

rSS =0,

00 100 Nel,l0

¥ NsN

FNMIL1)® FN® () ,e],./X()))
DEN(I)® },/7%(2) » ], =FNaFN
FNM(2)m FNO(],m]/X(D))
OEN(2)8 1,/X(4) o], =FNoFN

IF(THETA(N)oFN.LFeP]) GO TO 100
THETA(N)sTHETA(N) «TWOP]

GO T0 60

FSSaFSSe(11,=FN)SABS (THETA(N) oFN)

RETURN
END
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IQUIPNENT: 6600
LANGUAGE : FORTRAN 1V
STORAGE:
Octal Decimal

6600 1647 935

REFERENCES: (1) Pearson, C. E. and W. S. Willman, C Computer Program for
Design Optimization, Sperry Rand Research Center, Rpt. No.

SRRC-RR-65-48, June, 1965 (See author for copies)
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DGIANT
DROE
XMIN
DRO
KKK

K1

K3

K6

K12

K13
K14

K8

DRDM

RGUD

LA(I)

JII)

X1(1)

K10

XLL
AC3,I)-A(7,1)
A(1,I)-A(2,I)

TABLE OF BASIC SYMBOLS

= AN
STEP SIZE

= BEST MINIMUM

= STEP SIZE

= NO. OF CUBRENT STEPS

= NO. OF_SUCCESSFUL STEPS IN THIS DIRZCTION
= 15-N0. OF SUCCESSIVE UNSUCCESSFUL. STEPS

SWITCH IF 1 SOME PARAMETER MAY BE AT THE BOUDARY
IF 2 THERE ARE K8 STEPS TO T:E BOUNDARY

SWITCE IF 1 GRADIENT IS PERMISSIBLE
IF 2 " " NOT PERMISSIBLE

= 5-NO. OF SUCCESSFUL STEPS IN THIS DIRECTION

= SWITCH IF 1 AVERAGE DIRECTION IS PERMISSIBLE
IF 2 . " * NOT PERMISSIBLE

= SWITCH IF 1 NORMAL GRADIENT
2 USE GRADIENT AT THE BOUNDARY

I

= SWITCH IF 1 LAST TRY WAS A RANDOM TRY
2" » " ¥ GRADIENT IRY
» 3 ”» L] » » AVERAGE "
» 4 » » ” ] JUMP "
s " * " » NEGATIVE "

= MINIMWM # OF STEPS TO BOUNDARY

= RANDOY #

TOTAL GOOD DISTANCE IN THIS IRY

NO. OF STEPS IN EACH OF THE FIVE TYPZS OF TRIALS

NO. OF SUCCESSFUL STEPS IN EACH OF THE FIVE TYPES OF TRIALS
SUCCESSFUL DISTANCZ IN EACH OF THe FIVE TYPES OF TRIALS
LOCATION OF LAST SUCCESSFUL PARAMETERS IN STORAGE

HOLERITH TITLE TELLING WHAT TYPE OF TRIAL THE LAST STEP WAS
STORAGE OrF SUCCESSFUL DIRECTIONS. DISTZANCE IN THAT DIRZCTION
WORKING AREAS FOR DIRECTICNS AND PARAMETERS

s
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SET PRINT SWITCHES

3

DGIANT = ~“N710.
DRQE = DGIANT

-

DIVIDE UNIT INTERVAL
INTO SUBINTERVALS
FOR TESTING RANDOM NO.,

v

DRQ = DRQE
KKK =0
K1=0
K3=15

K6 =1
K12=1
K13=5
K14=2

Al2,) =PARM{I);1=1,N
X1(1) = 0.
Jim =0 . 1=1,58
LA =0

v

XMIN = FUN (PARM)

v

PRINT START
VALUES

'y

DRDM = RANDOM NO.

-

D162-10127-1
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TEST
DRDM FOR
AVG, STEP

DETERMINE NEXT STEP

.E)J K2=3

TEST
DRDM FOR

RANDOM
DIR.

TEST
DRDM FOR
JUMP
STEP

K1=0

K2=4

K3=K3+1

XLL = 2HJS

DRDM = RANDOM NO.

PARM(i} = RANDOM NO.
I=1,N

K14 =2
AVG. STEP XLL = 2HAV
POSSIBLE 7
A(l,h= X Al
J=3
FOR|=1,N
115 |
‘ DRDM =
RANDOM NO.
130
K2=1
YES XLL = 2HRD
—P

A1, 1) = RANDOM NO
I=1,N

D162-10127-1

238



@ NORMALIZE DIRECTIONS

TO OBTAIN DIRECTION COSINES

DS=0. YES
K1=0

RGUD =0,

DRDM = RANDOM NO,
A(1,1) = A1, 1)/DS
FORI=1,N

LCOMPUTE NEW PARAMETERS

PARM(I} = A(2,1)+ RO * Al1,1}/
1=1,N

g

IF PARM(I) =>1,, SET
PARM(H =/2,—PARM(1)/
FORI=1,N

no LAST STEP YES

] N !

LA (K2) = LA (K2) + 1
KKK = KKK + 1
XMINI = FUN (PARM)

PRINT FINAL
VALUES

NO PARMI(I) = A(2, 1)
I=1,N
YES
! RETURN

D162-10127-1
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GRAD, STEP MAY

=2 NOT BE PERMISSIBLE

GRAD, STEP PERMISSIBLE =1

161
K2=2
K156 =1
XLL = 2HGR
K12=2
RO = DR®/ VN
PARMI(I) = A(2, 1)
1=1,N

A1, =0,

PARM(I) = X

X = XMIN — FUN (PARM)
A1, 1) =X

PARM (1) = A(2, 1)

YES

¥
DRDM = RANDOM NO.]

[ k3=k3-1 |

YES

DROQE = DROE/3.
K12=1

K14 =1

DRO = DROE
K3=16

162

<DH(2JE£10’8 YES @
%o

K2=5

XLL =2HND
A1) =—-AU, 1)
1=1 N

NO

XLL = 2HBG
K16 =2
A1, 1) =0,

D162-10127-1
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POSSIBLY
UNSUCCESSFUL
TRIAL

@ SUCCESSFUL
TRIAL

RGUD = RGUD + DR
XMIN = XMINI

J1K2) = J1{K2)+1
X1(K2)=X1(K2) + DRO®
A(2, 1) = PARM(I)
I=1,N

YES

PRINT CURRENT
VALUES

YES

PRINT CURRENT
VALUES

K10=M@D (K10 + 1, 5)
A(K10+ 3,1) = RGUD * A{1,1)

K1-K1+1 I=1,N
K13=K13- 1
@ NO ol ks=Ks-1
m YES
K13%5
DROE = DROE #3
(If DROE>DGIANT YES| NO
Set DROE = DGIANT)
DRO = DRQE
(412 )k6=1 |
415)  K8=32,000
_ Al2,1) ,1-A(2,|)]
K6=MIN [ DRO  DRO
K8 = MIN (K8, K6)

IF K8<0, LET K6 =1,
‘OTHERWISE LET K6=2,

420 K3 =15

K12=1

K13=5
K14 =1

DRQE = DGIANT
DR® = DRQE
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Appendix X: Subroutine name Index

Storege and Retrieval Subroutines Page

(PROGRAM) CAPSIS « « ¢ + « s o o « o o o o = » o o s« o o+ 117

(PROGRAM) RAPSIS + v « v v « o o o ¢ o o o s o » o« » « o s 4 119
INITMF @ @ & o @ o o o o o o o o s o o o v s s o+ o121
DEFSET o v v + o o« o o o o s o o o . o a0 o s 0 s+ + 121
REMSET . + + v v o v o o o« o o o s o o o o o v » o o121
DFST v v v s« o s o s o o o o o o o o o o s o+ 121
31 O b4
GETSET +» « v v + v o o o o o o o v o 0 o o o o o w121
GTST 4 v v e o o e o s o o a4 o v s e s e e, 122
SVIBS v v v v e e e e e e e e e s e e e e e ey . 122
SAVITBS v v v+ v o v e e v e e e e e e e e e w122
REMTAB . & = v v v v s o6 o« s o o o o o s 2 s s s « 4122
o) (o2 B2
NVNTRY . « © v ¢ = « o o o ¢ o o o « o s o s o o o 123
ISTSTS v v s v o« v v o ot s o o s s o o o a e . . 123
MPWORK . . « . v v o = s v s s o s v o o v « v o + 123
KOMSTR¥., . v 4 v v v e v o o o o s o v o v v o o« . 124
STRMOV¥. . . . . . 4 4 e e o o o o o + o v o oo o . 124

Cockpit Geometry Evalustion Subroutines

(PROGRAM) CGE I §:55

(PROGRAM) INTRAN . . . 4 v & o o & o v o o o « o o« « o« o127
ANGIET . . . v v v e v v o a o o a o v o e e e w27
SETUP . v v v v o s o v o v o s s o s v e e e e e 4129
210 PO I 15
TRANSF . v & . vt e e e e e e e e e e e e e e s . 13T
MAB® (MATB,MABT Entry Points) « - « » « « « + « « + . 139
N O P11
1O B 1
KOMPAR® . . . . . v v v 4 v e e v v v v e e s . . 143

(PROGRAM) REACHA . v 4 v o v 4 v o v o a e e e e e s o w144
PREANL . . © 4 ¢ « 4 e o o o o o s v v« o s o u v . 145

*System Subroutine

TThese routines are also listed under PROGRAM MANL
D162-101271
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Cockplt Geometry Evaluation Subroutines (Cont. )
MINUM & & 4 o o o v o 0 o v v o o o o &

(FUNCTION) FUNL & v v 4 o o o o ¢ o o o o o o . &

(FUNCTION) FUN2 v v v v v e v o v v v o o s v v

(FUNCTION) FUN3 e e et e e e e e e e e e e e

(FUNCTION) FUNS . . v v v v v v e e e e e o v e s
(FUNCTION) FUN5 ¢ + « v « v « o o o o o o o v s &
(FUNCTION) FUNE6  + « ¢ v v v o v o o s o o o v v s
(FUNCTION) FUNT e e e e e e e e e e
REDEF  + + « v s s o s o o « & s o v 4 &
RAND¥* . v v v v o st e v e e sy e
(PROGRAM) MAN1 e e e e e e e e e e
RITE v « & v v v o o s o o v o o v
TASK . . e e e e e e e e

RF3 (RP3F Entry Point) - « + « « = o » + .

LINE e e e e e e e e e e e
POSE  « « 4 & 4 o o v 0 o v e e oa
SPRING (=FUN) + - « « o » o « « + .
SPRINX (=DER) « + « + + « s o o o o v o »

POC (SPENF) + » 4 v 5 v e o v o v v o .

wa ( =mm) L] . - * L] - » » * » -
TRANSFY . . . . v s o e e e e e

AFFY e ..
*.

Rm3+ P e 4 v r s s s 8 e * s e e+ t s 3
IIYNX L e e I R L T S S
m’ERP ¢« e » B s 4 e 3 2 e 2 4 s
FI'ERP ® v s A s s s B @ e > & » a2 . » e
RAJ(E L L T T T T T L S I
REPICE + + « « ¢ ¢ o 4 o o & &

HBAD S T
MB * L 2 L e e L T T S S
TRAC L

*System Subroutine

*These routines are also listed under PROGRAM INTRAN
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151
151
151
151
152
153
154
155
156
158
159
160
162
164
165
167
169
174
175
176
177
180
182
184
187
188
189
190
191



Cockpit Geometry Evaluation Subroutines (Cont. )

(PROGRAM) INTERF
INSECT
DET2
DET3
DETL
(PROGRAM) SUMM
CMLOC
(PROGRAM)  OUTGO

o

.

.

.

.

e« e ¢ & ¢ & & s @

<

Statistical ¥alidation Subroutines

(PROGRAM) SVOMM
COVAR
MATINV

e & e & o

e 9 & + o e e

3

v e

+ o s ¢

2

PR
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193
197
198
198
198
199
201
202

. 205

208
209



ACTIVE SHEET RECORD
ADDED SHEETS ADDED SHEETS

x [a'4 o o o o
SHEET o - = o = =
numeer | 2| SHEET | [ smeer |2 NS [ 2| sheer [ 2| sweer =

o | NUMBER | & | NUMBER | & 2 | NUMBER | & | NUMBER | 2

(a4 [a'4 o [a'4 [a'4 [a'd
1-249
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